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Summary eClinicalMedicine
Background The SARS-CoV-2 virus can bind to angiotensin-converting enzyme 2 receptors on host renal cells and 2024;70: 102535
may cause acute kidney injury (AKI). The comparative risks of AKI in patients severely ill with COVID-19 and  PvPlished Online xocx

influenza A have not been examined. https:(/dovl,orgllo.
1016/j.eclinm.2024.

Methods This is a retrospective cohort study including patients with positive PCR results for SARS-CoV-2 or 102535

influenza A virus admitted to the intensive care units (ICUs) of 15 public hospitals in Hong Kong between 1st
January 2013 and 30th April 2023. Patients who were already on chronic dialysis or had missing values in the
confounder model were excluded. Data were retrieved from Hong Kong Hospital Authority’s electronic healthcare
records. The primary outcome was incident AKI during ICU stay. Secondary outcomes included acute kidney
disease (AKD) and hospital mortality. All analyses were examined in multivariable regression adjusting for
potential confounders (age, sex, baseline eGFR, PaO2/FiO2 ratio, baseline comorbidities, APACHE IV predicted
risk of death, Charlson Comorbidity Index, emergent hospital admission, admission from elderly home, reason
for ICU admission, presence of bacterial co-infections, use of medications [including vasopressors, antiviral
medications, steroids and nephrotoxic antibiotics], as well as anaemia and leucocytosis). Patients were matched in
a 1:1 ratio using a propensity score generated based on the full confounder model. The analyses were repeated
using inverse probability weighting and in propensity-score matched cohorts.

Findings A total of 5495 ICU patients were identified. After excluding 1093 (19.9%) patients who met the exclusion
criteria and 74 (1.3%) patients who had one or more missing values in the logistic regression model, a total of 4328
patients were included in the final analysis, with 2787 (64.4%) patients who tested positive for SARS-CoV-2 reverse
transcription (RT)-PCR and 1541 (35.6%) patients who tested positive for influenza A virus RT-PCR. The comorbidity
burden was greater in patients with COVID-19 (Charlson Comorbidity Index 3 [2-4] vs. 3 [1-4]), but the median
APACHE 1V predicted risk of death was significantly lower (0.19 [0.08-0.38] vs. 0.25 [0.11-0.52]). A total of 1053
(37.8%) patients with COVID-19 and 828 (53.7%) patients with influenza A developed AKI of any stage during
ICU stay. In adjusted analysis, the risk of AKI was significantly lower in patients with COVID-19 compared with
influenza A (adjusted odds ratio 0.51, 95% confidence interval 0.42-0.61, P < 0.0001]. The risk of stage 3 AKI and
AKD were also significantly lower in patients with COVID-19. These results remained robust in multiple pre-
planned sensitivity analyses including inverse probability weighting and propensity score matching.

Interpretation Our results suggest that the risk of AKI in patients severely ill with COVID-19 was lower than in
patients with influenza A. The burden of concurrent organ failure complicating respiratory viral infections, such
as the higher disease-attributable risk of AKI associated with influenza, should be clarified.
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Research in context

Evidence before this study

A literature review was conducted on PubMed and MEDLINE
using the search terms “influenza”, “COVID-19” and “acute
kidney injury (AKI)" on June 09, 2023. After screening 32
articles, there was only one study that examined the effects of
COVID-19 and influenza A on AKI. The study which was
conducted during the first wave of the COVID-19 pandemic
reported that the incidence of AKI was higher in patients with
COVID-19 compared with influenza (40.9% vs. 29.4%) and
was also more severe. However, whether the risk of AKI
persisted during the subsequent waves of the COVID-19
pandemic and in the context of vaccination and anti-viral
therapy have not been explored.

Added value of this study

This retrospective cohort study included 4328 patients who
were admitted to the intensive care units in public hospitals
over the course of 10 years. A total of 2787 patients tested

Introduction
Influenza and more recently coronavirus disease 2019
(COVID-19) are the two most common respiratory viral
infections among intensive care unit (ICU) patients. Pa-
tients who become critically ill after respiratory viral in-
fections pose a huge resource burden to the society,
particularly if they develop consequential multiple organ
failure necessitating intensive or long-term organ support.
Acute kidney injury (AKI) is a common complica-
tion in critically ill patients and is a well-recognized
sequelae in patients with respiratory infections
caused by coronaviruses or seasonal influenza viruses.
For example, it has been estimated that as much as
40-50% of patients with Middle East respiratory syn-
drome coronavirus (MERS-CoV) infection may develop
acute renal failure.' Previous studies using data from
the National Inpatient Sample showed that hospitali-
zations for patients with AKI were $11,016 costlier,
and 3.9 days longer than those without AKIL.” Early data

positive for COVID-19, while 1541 tested positive for
Influenza A. After adjusting for differences in comorbidities
and acute disease severity, patients with COVID-19 had
greater than 40% reduction in risk of developing AKI
compared with seasonal influenza. Furthermore, the risk of
stage 3 AKI and acute kidney disease (AKD) were significantly
lower in patients with COVID-19 when compared to patients
with influenza A. These data highlight the importance of
examining extra-respiratory complications associated with
viral respiratory illnesses.

Implications of all the available evidence

Our results suggest that patients with COVID-19 who are
aritically ill are associated with lower risks of developing AKI
and AKD compared with patients with influenza. Whether this
under-recognized complication of seasonal influenza could be
modified by a higher uptake of influenza vaccination and
antiviral therapy should be studied.

from the first wave of the COVID-19 pandemic re-
ported that the incidence of AKI was higher compared
with influenza (40.9% vs. 29.4%) and was also more
severe.” Mechanistically, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) can cause AKI via
direct virological invasion of renal cells and endothelial
cell dysfunction, or via indirect mechanisms such as
immune-mediated injuries (e.g., acute interstitial
nephritis or glomerulonephritis) or as a part of the
systemic manifestations of sepsis.“'' Likewise, influ-
enza virus can cause various glomerular diseases,
tubulointerstitial pathologies, as well as sepsis in crit-
ically ill patients, thereby leading to AKL.'>"'¢

The objective of this study was to compare the inci-
dence and disease pattern of AKI in critically ill patients
with COVID-19 and influenza A. We hypothesized that
patients with COVID-19 would have higher rates of AKI
than patients with influenza A. We compared the
baseline disease severity, incidence of AKI including
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transition to chronic kidney disease (CKD), and its
impact on mortality in patients with COVID-19 and
influenza A.

Methods

Study design and population

This was a retrospective cohort study using data from a
territory-wide electronic health record system. Patients
admitted to the ICU in all 15 public hospitals and 230
ICU beds between 1st January 2013 and 30th April 2023
were reviewed. At the time of the study, all patients with
COVID-19 who required admission to the ICU in Hong
Kong were managed in public hospitals. This study
complied with the Declaration of Helsinki 1975 and its
later amendments, and was approved by the Institu-
tional Review Board of the University of Hong Kong/
Hospital Authority Hong Kong West Cluster (HKU/HA
HKW IRB) with a waiver of signed informed consent
(IRB Reference Number: UW 20-572, updated on 11th
July 2023). This study adhered to the STROBE reporting
guidelines.

All patients who were >18 years at the time of ICU
admission and had a positive polymerase chain reaction
(PCR) result for either SARS-CoV-2 or influenza A virus
were included. Exclusion criteria included patients who
had hospital-acquired SARS-CoV-2 or influenza after
discharge from the ICU, patients with concurrent
SARS-CoV-2 and influenza infections, patients without
creatinine level at baseline or during ICU stay, and pa-
tients already on chronic dialysis. Patients with one or
more missing data in the values used in the confounder
model were also excluded. For patients with recurrent
ICU admissions during the same hospital stay, only the
first ICU admission was included in analysis.

Definitions of study outcomes

The primary outcome was incident AKI during ICU
stay, defined according to the KDIGO consensus
criteria.”” The baseline creatinine level was defined as
the most recent creatinine level 7 days before the cur-
rent hospital admission. AKI was defined if the patient
fulfilled the magnitude of increase in creatinine (in-
crease by 50% within 7 days or increase by 0.3 mg/dL
within 2 days). The urine output criteria was not used
(Table S1).

Secondary outcomes included stage 3 AKI, acute
kidney disease (AKD) defined if patients met the criteria
of AKI, or had glomerular filtration rate (GFR) < 60 mL/
min/1.73 m? or decrease in GFR by > 35%, or increase
in creatinine by >50% within 3 months. Progression of
AKI to CKD was defined if GFR remained <60 mL/min/
1.73 m” beyond 3 months after ICU admission
(Table S1).** In patients with pre-existing CKD, if they
had worsening of serum creatinine or estimated
glomerular filtration rate (eGFR) meeting the AKI, AKD,
and CKD definitions of KDIGO, they would also be
considered as having a new outcome event.
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Other secondary outcomes included need for renal
replacement therapy (RRT) during hospital stay, hospital
mortality, and 90-day mortality.

All outcome events were recorded until the date of
death, or the data cut-off date of 30th June 2023,
whichever occurred first. Detailed ICD-9-CM codes for
clinical outcomes are listed in Table S2.

Definitions of other variables

Patient’s baseline characteristics including age, sex, and
comorbidities were collected. Chronic diseases were
recorded according to the Acute Physiology and Chronic
Health Evaluation (APACHE) IV form,” which is
available for all patients admitted to the ICU. The
revised Charlson Comorbidity Index was calculated as a
measure of baseline comorbidity.”” The reason for ICU
admission were classified into sepsis, respiratory,
metabolic, renal and other causes using the disease
category on the APACHE IV form. Bacterial co-infection
was defined as the identification of positive bacterial
culture in specimens from the respiratory tract,
including bronchial aspirate, endotracheal tube aspirate,
nasal swab, nasopharyngeal aspirate, pleural fluid, and
sputum, identified between hospital admission and ICU
discharge. Antiviral medications included oseltamivir,
zanamivir and peramivir for patients with influenza A,
and nirmatrelvir/ritonavir (Paxlovid), remdesivir and
molnupiravir for patients with COVID-19. Vasopressor
medications included epinephrine, norepinephrine,
dobutamine, dopamine, phenylephrine, and vaso-
pressin. Nephrotoxic antibiotics included amikacin,
colistin sulphomethate, gentamicin and vancomycin.
Anaemia was defined if the first haemoglobin level after
hospital admission <12 g/dL in females or <13 g/dL in
males. Leucocytosis was defined if the first white cell
count after hospital admission >11 x 10°/L. eGFR was
estimated using the MDRD GFR formula.”

Statistical analysis

Categorical variables were described as frequencies with
percentages (%), and continuous variables as mean with
standard deviation or median with interquartile range
(IQR). Categorical variables were compared with Fisher-
exact test or Pearson’s chi-squared test, as appropriate.
Continuous variables were compared using student’s t-
test or Mann-Whitney U test. Multivariable logistic
regression was used to examine the association between
exposure groups and AKI, adjusting for potential con-
founders. All confounders were selected a priori based
on biological plausibility. Three models of confounder
control were used: Model 1 included age and sex; Model
2 included age, sex, baseline eGFR and PaO,/FiO, ratio;
and Model 3 additionally included baseline comorbid-
ities including hypertension, congestive heart failure,
CKD, malignancies, diabetes mellitus, myocardial
infarction or coronary artery disease, and liver diseases,
APACHE IV predicted risk of death, Charlson
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Comorbidity Index, emergent hospital admission,
admission from elderly home, reason for ICU admis-
sion, presence of bacterial co-infections, use of vaso-
pressor medications, use of antiviral medications, use of
steroids, use of nephrotoxic antibiotics, anaemia, and
leucocytosis at baseline.

In order to achieve stringent control for confounders,
planned primary analyses also included examining the
association between exposure groups and AKI using
propensity score adjustment in the outcome model, in-
verse probability weighting (using stabilized weights
with truncation, Supplemental Section S1), and 1:1
propensity score matching. The propensity score for the
exposure group was constructed using a logistic
regression model based on the same set of confounders.
Propensity score matching was performed using a 1:1
matching ratio with nearest neighbour and sampling
without replacement with a caliper of 0.10. Standardized
mean differences of matching variables for the inverse
probability weighted and the propensity score matched
cohort were examined.

Subgroup analyses

The possibility of effect modification of the exposure-
outcome association was examined by introducing
interactive terms to the regression model. These
included age >65 years, sex, baseline eGFR <60 mL/
min/1.73 m? Charlson Comorbidity Index >4,
APACHE 1V predicted risk of death >0.5, and history of
diabetes. The homogeneity of effect estimates across
these subgroups were compared.

Sensitivity analyses

Sensitivity analysis was performed in patients without
bacterial co-infections using a multivariable logistic
regression model adjusting for all the variables in the
full model (Model 3). The analysis was repeated using
propensity score adjustment, inverse probability
weighting, and propensity score matching.

A subcohort analysis was performed with detailed
patient physiological data from one of the hospitals, by
including age, baseline eGFR, use of vasopressors, use
of steroids, use of nephrotoxic antibiotics, mechanical
ventilation, and daily average fluid balance as potential
confounders in a multivariable logistic regression model
for the primary outcome.

Exploratory analyses

The time to dialysis for the two groups were examined
in a time-to-event analysis, accounting for the com-
peting risks of death or lost to follow up. Kaplan—-Meier
curves were constructed and compared using the log-
rank test.

The association between exposure groups and
change in eGFR was examined with a linear mixed ef-
fects model with random effects to account for repeated
measurements within individuals, and adjusting for all

confounders in the primary regression model. Serial
eGFR for patients from hospital admission to the worst
level during their stay in ICU were included.

In order to examine the effect of secular trends on
the incidence of AKI in the ICU, the rate of AKI in
patients with influenza A was examined for significant
trends across years.

Data management were done with Stata MP, version
16.1. All analyses were performed with two-tailed tests
and a P-value <0.05 was considered statistically
significant.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. PYN, AKN, AI, and DYY had access to
dataset and had final responsibility for the decision to
submit for publication.

Results

Study population and patient characteristics

A total of 5495 patients were admitted to the ICUs in
public hospitals in Hong Kong between 1st January
2013 and 30th April 2023. After excluding 1093 (19.9%)
patients who met the exclusion criteria and 74 (1.3%)
patients who had one or more missing values in the
logistic regression model, a total of 4328 patients were
included in the final analysis (Fig. 1). There were 2787
(64.4%) patients who had positive SARS-CoV-2 RT-PCR
results and 1541 (35.6%) patients who had positive
influenza A RT-PCR results. Microbiological investiga-
tion for bacterial co-infections was performed in 4086
(94.4%) patients. Patients with COVID-19 admitted to
the ICU were significantly older (median 69.5 [IQR
61.1-76.9] vs. 63.6 [54.3-74.6] years, P < 0.0001) with a
higher median Charlson Comorbidity Index (3 [2—4] vs.
3 [1-4], P < 0.0001). Fewer patients with COVID-19
compared with influenza A were admitted to the hos-
pital emergently (2393 [85.9%] vs. 1449 [94.0%],
P < 0.0001). The median APACHE IV predicted risk of
death was significantly lower in patients with COVID-19
(0.19 [0.08-0.38] vs. 0.25 [0.11-0.52], P < 0.0001), but
there was a greater use of vasopressors compared with
patients with influenza A (1332 [47.8%] vs. 614 [39.8%],
P < 0.0001). The number of patients admitted to the
ICU for metabolic or renal causes was significantly
higher in the COVID-19 group compared to the influ-
enza A group (metabolic cause: 462 [16.6%] vs. 71
[4.6%]; and renal cause: 107 [3.8%)] vs. 21 [1.4%)], both
P < 0.0001), while the number of patients admitted to
the ICU for sepsis was significantly lower in the
COVID-19 group (663 [23.8%] vs. 739 [48.0%)],
P < 0.0001). ICU admission for respiratory causes was
similar in the 2 groups. The baseline characteristics are
shown in Table 1. Patient characteristics and standard-
ized mean differences after inverse probability
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COVID-19 or Influenza A
N = 5,495

ICU admissions between January 2013 and April 2023 in
public hospitals in Hong Kong with specimen confirmed

Exclusion criteria:
Age < 18 years, N=2

Second or subsequent ICU admissions within same

hospital episode, N=253

First ICU admission with COVID-
19 or Influenza A

N =4,402

First positive COVID-19 or Influenza A results
obtained after ICU discharge, N=439

Patients with co-existing COVID-19 and
Influenza A, N=6

Patients without creatinine at baseline or

during ICU stay, N=25

Patients with history of dialysis, N=368
N=1,093

74 patients had one or more missing data:
APACHE risk of death, N=9

Cohort for complete case analysis
N=4,328

Pa0,/FiO, ratio, N=63

Liver diseases. N=6

First ICU admission with
COVID-19
N= 2,787 (64.4%)

First ICU admission with
Influenza A

N= 1,541 (35.6%)

Fig. 1: Study flow. A total of 5495 patients were admitted to the ICUs during the study period. After excluding 1093 (19.9%) patients who met
the exclusion criteria and 74 (1.3%) patients who had missing data, a total of 4328 patients were included in the final analysis. Abbreviations:
APACHE-Acute Physiology and Chronic Health Evaluation; COVID-19-coronavirus disease 2019; ICU, intensive care unit.

weighting and 1:1 propensity score matching are pre-
sented in Tables S3 and S4, respectively.

Acute kidney injury

A total of 1053 (37.8%) patients with COVID-19 and 828
(53.7%) patients with influenza A developed AKI of any
stage during their ICU stay (P < 0.0001). After adjusting
for potential confounders, the risk of AKI was signifi-
cantly lower in patients with COVID-19 (adjusted odds
ratio [aOR] 0.51, 95% confidence interval [CI] 0.42-0.61,
P < 0.0001]. Detailed risk estimates and the full
confounder model are presented in Table S5. Results
were consistent across different regression models, in
an outcomes model adjusting for propensity score, us-
ing inverse probability weighting, and in the 1:1 pro-
pensity score matched cohort (aOR 0.48 to 0.61,
P < 0.0001 for all). Detailed results of the primary
analysis using all confounder models are presented in
Table 2.

www.thelancet.com Vol 70 April, 2024

Secondary outcomes

The mean level of eGFR at 4 time-points, including
baseline, worst reading during ICU stay, 6 months and
12 months from ICU admission, in patients with
COVID-19 and patients with influenza A are presented
in a time-series plot (Fig. 2). The mean eGFR at 6
months for patients with COVID-19 and influenza A
was 77.3 + 42.2 mL/min/1.73 m” and 76.4 + 38.2 mL/
min/1.73 m?, respectively (P = 0.60). The mean eGFR at
12 months was 72.1 + 34.5 mL/min/1.73 m? for patients
with COVID-19 and 72.3 + 33.6 mL/min/1.73 m® for
patients with influenza A (P = 0.92).

A total of 432 (15.5%) patients with COVID-19 and
375 (24.3%) patients with influenza A developed stage 3
AKI (P < 0.0001). In adjusted analysis, COVID-19 was
associated with lower odds of stage 3 AKI compared
with influenza A (aOR 0.57, 95% CI 0.45-0.72,
P < 0.0001). There were also fewer patients with
COVID-19 who required RRT compared with patients
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Characteristics COVID-19 Influenza A P-value
N = 2787 N = 1541
Age, years 69.5 63.6 <0.0001
61.1-76.9 54.3-74.6
Sex, female 1027 (36.8%) 648 (42.1%) 0.0008
Sex, male 1760 (63.2%) 893 (57.9%) 0.0008
Emergent hospital admission 2393 (85.9%) 1449 (94.0%)  <0.0001
Admission from elderly home 63 (2.3%) 27 (1.8%) 0.26
APACHE-IV predicted risk of death 0.19 0.25 <0.0001
0.08-0.38 0.11-0.52
Bacterial co-infections during ICU stay 808 (29.0%) 665 (43.2%) <0.0001
Use of vasopressors 1332 (47.8%) 614 (39.8%) <0.0001
Use of antiviral drugs® 1511 (54.2%) 1475 (95.7%) <0.0001
Use of steroids 1780 (63.9%) 634 (41.1%) <0.0001
Use of nephrotoxic antibiotics 2 270 (9.7%) 233 (15.1%) <0.0001
Reason for ICU admission
Metabolic 462 (16.6%) 71 (4.6%) <0.0001
Renal 107 (3.8%) 21 (1.4%) <0.0001
Respiratory 865 (31.0%) 506 (32.8%) 0.22
Sepsis 663 (23.8%) 739 (48.0%)  <0.0001
Others* 690 (24.8%) 204 (13.2%) <0.0001
Comorbidities
Charlson Comorbidity Index 3 (2-4) 3 (1-4) <0.0001
Chronic kidney diseases 182 (6.5%) 53 (3.4%) <0.0001
Congestive heart failure 167 (6.0%) 153 (9.9%) <0.0001
Diabetes mellitus 909 (32.6%) 312 (20.2%) <0.0001
Hypertension 1352 (48.5%) 413 (26.8%) <0.0001
Malignancies 310 (11.1%) 149 (9.7%) 0.14
Myocardial infarction or Coronary artery diseases 299 (10.7%) 184 (11.9%) 0.23
Laboratory results
Baseline eGFR, mL/min/1.73 m? 73.5 739 0.67
54.1-93.9 51.5-93.8
Pa02/Fi02 ratio 224.8 138.2 <0.0001
130.0-365.0 76.9-252.6
Liver diseases 545 (19.6%) 414 (26.9%) <0.0001
Anaemia © 1487 (53.4%) 771 (50.0%) 0.036
Leucocytosisf 1043 (37.4%) 580 (37.6%) 0.89
Abbreviations: APACHE-1V, acute physiology and chronic health evaluation 1V; COVID-19-coronavirus disease
2019; eGFR, estimated glomerular filtration rate; ICU, intensive care unit. Data for continuous variables are
presented as frequency (percentage) or median (interquartile range (IQR)) unless specified. Between groups
comparisons are performed using Chi-squared test for categorical variables, and Mann-Whitney U test for
continuous variables. The significance level was set at P < 0.05. *Antiviral drugs included oseltamivir, zanamivir
and peramivir for patients with influenza A; nirmatrelvir/ritonavir (Paxlovid), remdesivir and molnupiravir for
patients with COVID-19. "Nephrotoxic antibiotics included amikacin, colistin sulphomethate, gentamicin and
vancomycin. “‘Other reasons for ICU admission included cardiovascular, gastrointestinal, gynaecological,
haematological, musculoskeletal, neurological and trauma. “Liver diseases were defined using 2 times upper
normal limit of total bilirubin or alanine transaminase, or international normalized ratio >1.5. *Anaemia was
defined if the first haemoglobin level after hospital admission <12 g/dL in female patients or <13 g/dL in male
patients. "Leucocytosis was defined if the first white cell count after hospital admission >11 x 10°/L.
Table 1: Baseline characteristics of study population.

with influenza (316/2787 [11.3%)] vs. 320/1541 [20.8%],
aOR 0.52, 95% CI 0.40-0.67, P < 0.0001). Patients with
COVID-19 had significantly lower risks of AKD
compared to patients with influenza A (1844/2787
[66.2%] vs. 1177/1541 [76.4%], aOR 0.66, 95% CI
0.53-0.82, P = 0.0002).

Among the 1881 patients who had AKI, the risk of
developing CKD in patients with COVID-19 was similar

to patients with influenza A (252/1053 [23.9%)] vs. 190/
828 [23.0%], aOR 0.80, 95% CI 0.58-1.09, P = 0.16).
Additionally, a total of 112 (6.0%) patients developed
end-stage kidney disease, defined as eGFR <15 mlL/
min/1.73 m? or the need for RRT beyond 3 months,
including 64 (6.1%) patients with COVID-19 and 48
(5.8%) patients with influenza.

Hospital mortality and 90-day mortality were higher
in patients with COVID-19 compared with influenza A
only in adjusted logistic regression (aOR 1.29, 95% CI
1.01-1.65, P = 0.038, and aOR 1.37, 95% CI 1.08-1.72,
P = 0.0080, respectively). However, the association was
not significant after propensity score adjustment, or in
the inverse probability weighted or propensity score
matched analyses. Detailed results of secondary out-
comes are presented in Table 3.

Patients with pre-existing CKD

Within the study cohort, there were 1391 (32.1%) pa-
tients who had pre-existing CKD or a baseline eGFR
below 60 mL/min/1.73 m? prior to ICU admission,
including 868 (31.1%) patients with COVID-19 and 523
(33.9%) patients with influenza. A total of 465 (53.6%)
patients with COVID-19 and 343 (65.6%) patients with
influenza developed new AKI. Patients with COVID-19
had a lower risk of new AKI compared to patients
with influenza (aOR 0.61, 95% CI 0.45-0.83,
P =0.0020). In addition, there were 123 (26.5%) patients
with COVID-19 and 88 (25.7%) patients with influenza
who developed worsening CKD after AKI.

In addition, a total of 566 (65.2%) patients with
COVID-19 and 393 (75.1%) patients with influenza
developed new AKD. Patients with COVID-19 had a
lower risk of new AKD compared to patients with
influenza (aOR 0.61, 95% CI 0.43-0.86, P = 0.0042).

Subgroup analyses

There was no significant effect modification of the lower
risks of AKI in patients with COVID-19 by factors
including age, sex, baseline eGFR, Charlson Comor-
bidity Index, APACHE IV predicted risk of death, and
history of diabetes. Details of subgroup analyses are
presented in Table 4 and Fig. 3.

Sensitivity analyses
A total of 2855 (66.0%) patients did not have bacterial co-
infections, including 1979 patients with COVID-19 and
876 patients with influenza A. In adjusted analysis
performed in this subgroup, patients with COVID-19
had a lower risk of AKI compared with patients with
influenza A (aOR 0.54, 95% CI 0.43-0.69, P < 0.0001).
The results were consistent with using propensity score
adjustment, inverse probability weighting and pro-
pensity score matching with all P-values <0.0001
(Table S7).

A subcohort analysis was conducted using data from
312 patients from a single hospital, including 205
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Acute kidney injury Events/Patients (%) P-value® Odds Ratio 95% confidence P-value”
COVID-19 Influenza A gzl
Logistic regression 1053/2787 (37.8%) 828/1541 (53.7%) <0.0001 Model 1 0.48 0.42-0.55 <0.0001
Model 2 0.60 0.52-0.69 <0.0001
Model 3 0.51 0.42-0.61 <0.0001
Propensity score adjustment Model 1 0.48 0.42-0.55 <0.0001
Model 2 0.61 0.54-0.70 <0.0001
Model 3 0.57 0.48-0.68 <0.0001
Inverse probability weighting 1061/2819 (37.6%)  842/1561 (53.9%)  <0.0001 Model 1 0.52 0.45-0.58 <0.0001
1115/2922 (38.2%) 917/1767 (51.9%) <0.0001 Model 2 0.57 0.51-0.64 <0.0001
1174/3116 (37.7%) 634/1227 (51.7%) <0.0001 Model 3 0.57 0.49-0.65 <0.0001
Propensity score matching 619/1540 (40.2%) 827/1540 (53.7%) <0.0001 Model 1 0.58 0.50-0.67 <0.0001
585/1530 (38.2%) 824/1530 (53.9%) <0.0001 Model 2 0.53 0.46-0.61 <0.0001
356/858 (41.5%) 472/858 (55.0%) <0.0001 Model 3 0.58 0.48-0.70 <0.0001
Model 1 was adjusted for age and sex. Model 2 was adjusted for age, sex, baseline eGFR and Pa02/FiO2 ratio. Model 3 was adjusted for the covariates listed in Table 1.
Abbreviations: COVID-19-coronavirus disease 2019. *Chi-squared test was used for the unadjusted analyses. The significance level was set at P < 0.05. PMultivariable
logistical regression was used in the logistic regression model and the model adjusting for propensity score. Univariable logistic regression was used in the inverse
probability weighted cohort and the propensity score matched cohort. The significance level was set at P < 0.05.
Table 2: Primary outcome—acute kidney injury.

(65.7%) patients with COVID-19 and 107 (34.3%) pa-
tients with influenza. Mechanical ventilation and daily
fluid management were recorded for all 312 patients
during their ICU stay. Within the subcohort, 100
(48.8%) patients with COVID-19 and 56 (52.3%) pa-
tients with influenza developed AKI. Patients with
COVID-19 had a lower risk of AKI compared to patients
with influenza (aOR 0.42, 95% CI 0.22-0.79, P = 0.0076)
(Table S8).

Exploratory analyses

The time-to-event curves for the outcome of dialysis and
all-cause mortality from ICU admission to 180 days are
shown in Fig. 4. COVID-19 was associated with lower
risks of the individual and composite outcomes (P for all
log-rank tests <0.05).

A In all patients (N=4,328):

The rate of decline in eGFR was significantly slower
in patients with COVID-19 compared with influenza A
(adjusted mean difference in daily eGFR decline: 0.37,
95% CI 0.30-0.45 mL/min/1.73 m? P < 0.0001;
Table S9).

The rate of AKI in patients with influenza A during the
entire study period ranged from 50.0% to 57.6% and did
not differ significantly across years (P for trend = 0.29,
Figure S1).

Other exploratory analyses are detailed in the
Supplement.

Discussion

In our territory-wide analyses including all patients who
have severe respiratory viral infections, the data sug-
gested that SARS-CoV-2 is associated with more than

b In patients with AKI only (N=1,881):

80 80 ok
754¢ @ —_— § L § § 754
o 70 — ~ 7013 %
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< 601 s < 60 §
E 55 g 55
E 50 3 E 50
& 45 & 45
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3 40 2 40
5 35 3 35+
£ 30 £ 304 s 8
254 25
204 20
Baseline ICU ~ 6-Month 12-Month Baseline ICU 6-Month 12-Month
Time-point Time-point 4 Influenza A
= COVID-19

*% Povalue<0.05

Fig. 2: eGFR levels from baseline to 12 months after ICU admission. The mean level and 95% confidence interval of eGFR at 4 time-points,
including baseline, worst during ICU stay, 6 months and 12 months from ICU admission, in patients with COVID-19 (blue dots) and patients

with influenza A (red dots) are presented for all patients (Panel A, N =

4328) and patients with AKI only (Panel B, N = 1881). Abbreviations:

AKI, acute kidney injury; COVID-19, coronavirus disease 2019; eGFR, estimated glomerular filtration rate; ICU, intensive care unit.
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Outcomes Events/Patients (%) P-value® Odds Ratio 95% confidence interval P-value®
COVID-19 Influenza A
Stage 3 AKI
Logistic regression 432/2787 (15.5%) 375/1541 (24.3%) <0.0001 0.57 0.45-0.72 <0.0001
Propensity score adjustment 432/2787 (15.5%) 375/1541 (24.3%) <0.0001 0.70 0.57-0.87 0.0013
Inverse probability weighting 494/3116 (15.9%) 256/1227 (20.9%) <0.0001 071 0.60-0.85 0.0001
Propensity score matching 145/858 (16.9%) 194/858 (22.6%) 0.0030 0.70 0.55-0.88 0.0031
Hospital mortality
Logistic regression 562/2787 (20.2%) 349/1541 (22.7%) 0.055 1.29 1.01-1.65 0.038
Propensity score adjustment 562/2787 (20.2%) 349/1541 (22.7%) 0.055 116 0.94-1.43 0.17
Inverse probability weighting 671/3116 (21.5%) 251/1227 (20.5%) 0.43 1.07 0.91-1.26 0.43
Propensity score matching 205/858 (23.9%) 200/858 (23.3%) 0.78 1.03 0.83-1.29 0.78
90-day mortality
Logistic regression 631/2787 (22.6%) 385/1541 (25.0%) 0.082 137 1.08-1.72 0.0080
Propensity score adjustment 631/2787 (22.6%) 385/1541 (25.0%) 0.082 1.21 0.99-1.48 0.066
Inverse probability weighting 756/3116 (24.3%) 284/1227 (23.2%) 0.44 1.06 0.91-1.24 0.44
Propensity score matching 232/858 (27.0%) 218/858 (25.4%) 0.44 1.09 0.88-1.35 0.44
AKD
Logistic regression 1844/2787 (66.2%) 1177/1541 (76.4%) <0.0001 0.66 0.53-0.82 0.0002
Propensity score adjustment 1844/2787 (66.2%) 1177/1541 (76.4%) <0.0001 0.69 0.57-0.84 0.0002
Inverse probability weighting 2079/3116 (66.7%) 920/1227 (75.0%) <0.0001 0.67 0.58-0.78 <0.0001
Propensity score matching 601/858 (70.1%) 670/858 (78.1%) 0.0001 0.66 0.53-0.82 0.0002
CKD
Logistic regression 252/1053 (23.9%) 190/828 (23.0%) 0.62 0.80 0.58-1.09 0.16
Propensity score adjustment 252/1053 (23.9%) 190/828 (23.0%) 0.62 0.91 0.68-1.21 0.50
Inverse probability weighting 268/1174 (22.8%) 164/634 (25.9%) 0.15 0.85 0.68-1.06 0.15
Propensity score matching 85/356 (23.9%) 106/472 (22.5%) 0.63 1.08 0.78-1.50 0.63
Renal replacement therapy
Logistic regression 316/2787 (11.3%) 320/1541 (20.8%) <0.0001 0.52 0.40-0.67 <0.0001
Propensity score adjustment 316/2787 (11.3%) 320/1541 (20.8%) <0.0001 0.65 0.51-0.82 0.0004
Inverse probability weighting 356/3116 (11.4%) 194/1227 (15.8%) <0.0001 0.69 0.57-0.83 0.0001
Propensity score matching 104/858 (12.1%) 154/858 (18.0%) 0.0007 0.63 0.48-0.83 0.0008
Only analyses using Model 3 were included in this table. Abbreviations: AKD, acute kidney disease; AKI, acute kidney injury; CKD, chronic kidney disease; COVID-19-
coronavirus disease 2019; KDIGO, Kidney Disease: Improving Global Outcomes. *Chi-squared test was used for the unadjusted analyses. The significance level was set at
P < 0.05. "Multivariable logistical regression was used in the logistic regression model and the model adjusting for propensity score. Univariable logistic regression was used
in the inverse probability weighted cohort and the propensity score matched cohort. The significance level was set at P < 0.05.
Table 3: Secondary outcomes.

40% lower risk of AKI compared with seasonal influ-
enza amongst critically ill patients requiring ICU care.
Physicians need to be aware of the significant burden of
common respiratory viral infections on adverse renal
outcomes, including the resource implications of pa-
tients requiring dialysis. The higher disease-attributable
risk of AKI associated with influenza calls for more
research into mitigating this significant complication.
Our data showed that patients with COVID-19 had a
49% lower risk of AKI than those with influenza, and
similarly 43% lower risk of stage 3 AKI and 48% less
requirement for acute dialysis. These findings are in
contrast to the early results from a previous study by
Birkelo et al., which reported a higher risk of AKI and
more severe renal impairment with SARS-CoV-2 infec-
tion.” One major difference between our study and the

study by Birkelo et al. is the time period of the patients
with COVID-19. The prior study included primarily
patients with COVID-19 during the earlier wave of the
pandemic up to May 2020 when vaccines and antivirals
for COVID-19 were not readily available, but the current
cohort included patients up to April 2023. Importantly,
most of our patients (84.5%) were infected during or
after the fifth wave of COVID-19 in 2022.2 Globally,
there have been major changes in treatment and vacci-
nation strategies since June 2020. First, the use of
dexamethasone, which reduced mortality related to se-
vere COVID-19 disease, was only used routinely after
the preliminary results of the RECOVERY Study were
released in July 2020.” In our study, all patients
admitted to the ICU with COVID-19 received dexa-
methasone treatment. Second, antivirals for COVID-19
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were not used routinely before May 2020. The results of
the first widely-used antiviral, remdesivir, was published
in May 2020.* The use of oral antivirals nirmatrelvir/
ritonavir and molnupiravir were approved in late 2021.
Third, COVID-19 vaccination became available since
late 2020. Hence, the patients in the study by Birkelo
et al. received vastly different management compared to
our cohort.

Apart from differences in treatment and vaccination,
the ancestral SARS-CoV-2 strain in early 2020 was also
quite different from the Omicron variant which replaced
all previous lineages. While the exact strain of SARS-
CoV-2 was not examined in all patient samples and
therefore not considered in this analysis, the Omicron
variant was probably predominant in our cohort—it was
the locally circulating strain in 2022 during which 84.5%
patients of our cohort were infected. Studies have found
that patients infected with the Omicron variant exhibi-
ted milder illness when compared to those with prior
lineages.””** We have previously demonstrated that mice
and hamsters infected with the Omicron variant had
much reduced disease severity when compared to those
infected with the ancestral strain.””* More data are
needed to examine whether the risks of systemic disease
and AKI are heterogeneous amongst different strains of
the SARS-CoV-2 and influenza viruses.

The true incidence of kidney injury associated with
respiratory viral infection is difficult to ascertain, as
most patients with mild presentation remain untested
and undiagnosed in the community. Even among
hospitalised patients, the baseline comorbidity burden
and severity of acute illness render studying disease
associations susceptible to the effects of confounding.
By restricting our cohort to patients with severe in-
fections necessitating admission to the ICU and
adjusting for differences in severity of acute illness and
the patients’ presentation, we showed a consistently
lower incidence of adverse renal outcomes with
COVID-19 across all pre-specified sensitivity analyses,
suggesting that this may be a virus-specific character-
istic. In addition, we were able to adjust for the effects
of daily fluid management. Subgroup analyses revealed
that the lower risks were observed across strata of
baseline comorbidities and acute illness severity.
Notably, the differences persisted beyond the initial
disease course, and the risk of AKD up to 3 months
following ICU admission remained lower in patients
with COVID-19. These data should be considered
during resource allocation to dialysis facilities, which
are often overloaded in healthcare systems, but over-
looked as part of the response to outbreaks of viral
respiratory infections.”*~*

It was not possible to include the vaccination status
in the main analysis, due to lack of accurate data where
influenza or COVID-19 vaccination could have been
received in private primary care settings and not recor-
ded in the public hospital electronic patient records.
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Subgroups Events/patients Adjusted  95% confidence P-value for
COVID19  Influenza A odds ratio interval interaction
N =2787 N =1541
Age group 0.058
Age <65 347/970 410/848 0.56 0.41-0.76
Age >65 706/1817  418/693 0.46 0.36-0.59
Sex 0.80
Male 724/1760  516/893 0.51 0.42-0.61
Female 329/1027  312/648 0.51 0.42-0.61
Baseline creatinine clearance 0.18
eGFR 594/1932  489/1022  0.44 0.35-0.56
>60 mL/min/1.73 m?
eGFR 459/855  339/519 0.62 0.45-0.85
<60 mL/min/1.73 m?
Charlson comorbidity index 0.54
<4 760/2133  632/1243 0.52 0.42-0.65
>4 293/654 196/298 0.40 0.26-0.60
APACHE-IV predicted risk of death 0.48
<0.5 756/2319  548/1136 0.51 0.41-0.63
>0.5 297/468 280/405 0.46 0.30-0.69
Previous diabetes 0.19
No 598/1878 602/1229 0.51 0.41-0.64
Yes 455/909 226/312 0.43 0.29-0.64
This table refers to Model 3, which includes the full confounder model. Abbreviations: APACHE-IV, Acute
physiology and chronic health evaluation IV; COVID-19, coronavirus disease 2019; eGFR, estimated glomerular
filtration rate.
Table 4: Subgroup analyses for the outcome of acute kidney injury.

Based on population statistics, the local COVID-19
vaccination rate was >70% for adults aged between 20
and 59 years and >60% for adults aged between 60 and
69 years old, in contrast to about 10-20% for persons
aged 50-64 years and <50% for persons aged 65 years or
above for annual influenza vaccination.** It remains to
be examined whether the higher vaccination uptake
during the COVID-19 pandemic moderated a lower risk
of systemic organ injury.

One important limitation of this study was its
retrospective nature, with biases and heterogeneity in
patient characteristics and management. It was possible
that the triage criteria for ICU admission, and hence
disease severity of patients, evolved during the course of
a pandemic. Nevertheless, the use of quantitative out-
comes such as creatinine-based definitions of AKI, and
the rigorous attempts to adjust for confounding render
our findings reliable and representative of the real-world
situation. Our results remained robust in multiple pre-
planned sensitivity analyses including inverse probabil-
ity weighting and propensity score matching. Second,
due to the unavailability of detailed data, the urine
output criteria was not included in the definition of AKI,
and potential confounders such as fluid balance and the
initiation of mechanical ventilation before AKI were not
accounted for. Third, the inclusion of patients from
2013 to 2023 poses risks of secular changes in ICU care.
However, we showed that amongst patients with
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Fig. 3: Forest plot of subgroup analyses. The subgroup analyses was adjusted using the full confounder model (Model 3). There were no
significant effect modification of the lower risks of AKI in patients with COVID-19 by factors including age, sex, baseline eGFR, Charlson
Comorbidity Index, APACHE IV predicted risk of death, and history of diabetes. Abbreviations: APACHE-IV, Acute physiology and chronic health
evaluation IV; Cl, confidence interval; COVID-19-coronavirus disease 2019; eGFR, estimated glomerular filtration rate.
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Fig. 4: Time-to-dialysis curves of patients with COVID-19 and influenza A. Time-to-event curves for the outcomes of all-cause mortality
(Panel a), dialysis (Panel b), and combined outcome (Panel c) from ICU admission to 180 days. COVID-19 (blue line) compared with influenza A
(red line) was associated with lower risks of the individual and composite outcomes (P for all log-rank tests <0.05). The number of censoring
cases was presented in brackets. Abbreviation: COVID-19, coronavirus disease 2019; ICU, intensive care unit.

influenza, the proportion of AKI in the earlier pre-  complication of seasonal influenza could be modified

10

COVID-19 period were not significantly different form
the post-COVID-19 period. Lastly, renal biopsy was not
routinely performed for critically ill patients with AKI
related to influenza or SARS-CoV-2 infection, and hence
conclusions about pathophysiological mechanisms
could not be drawn.

In conclusion, the risk of AKI in critically ill patients
with COVID-19 was significantly lower than patients
with influenza A. Whether this under-recognized

by a higher uptake of seasonal influenza vaccination and
antiviral therapy should be studied.
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