& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Qin Zhu,

University of California, San Francisco,
United States

REVIEWED BY

Seyed Aria Nejadghaderi,

Tabriz University of Medical Sciences, Iran
Youtao Lu,

University of Pennsylvania, United States

*CORRESPONDENCE

Chun-Chi Yang
fanoiayang@gmail.com

Jui-Yi Chen
kwuilus0101@gmail.com

These authors have contributed equally to this
work

NSARF (National Taiwan University Hospital
Study Group of ARF), Taipei, Taiwan

RECEIVED 04 July 2023
ACCEPTED 05 September 2023
PUBLISHED 19 September 2023

CITATION

Hsiao C-Y, Pan H-C, Wu V-C, Su C-C, Yeh T-H,
Chuang M-H, Tu K-C, Wang H-Y, Kan W-C,
Yang C-C and Chen J-Y (2023) Acute kidney
injury in patients with COVID-19 compared to
those with influenza: a systematic review and
meta-analysis.

Front. Med. 10:1252990.

doi: 10.3389/fmed.2023.1252990

COPYRIGHT

© 2023 Hsiao, Pan, Wu, Su, Yeh, Chuang, Tu,
Wang, Kan, Yang and Chen. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Medicine

Frontiers in Medicine

TYPE Systematic Review
PUBLISHED 19 September 2023
pol 10.3389/fmed.2023.1252990

Acute kidney injury in patients
with COVID-19 compared to
those with influenza: a systematic
review and meta-analysis

Chiu-Ying Hsiao!, Heng-Chih Pan?345, Vin-Cent Wu®,
Ching-Chun Su?, Tzu-Hsuan Yeh?, Min-Hsiang Chuang?,
Kuan-Chieh Tu’, Hsien-Yi Wang8, Wei-Chih Kan'?,
Chun-Chi Yang'°** and Jui-Yi Chen®*

!Division of Nephrology, Department of Internal Medicine, Chi-Mei Medical Center, Tainan, Taiwan,
2Graduate Institute of Clinical Medicine, College of Medicine, National Taiwan University, Taipei, Taiwan,
*Division of Nephrology, Department of Internal Medicine, Keelung Chang Gung Memorial Hospital,
Keelungi, Taiwan, “Chang Gung University College of Medicine, Taoyuan, Taiwan, *Community
Medicine Research Center, Keelung Chang Gung Memorial Hospital, Keelung, Taiwan, ®Department of
Internal Medicine, National Taiwan University Hospital, Taipei, Taiwan, ’Division of Cardiology,
Department of Internal Medicine, Chi Mei Medical Center, Tainan, Taiwan, 8Department of Sport
Management, College of Leisure and Recreation Management, Chia Nan University of Pharmacy and
Science, Tainan, Taiwan, °Department of Medical Laboratory Science and Biotechnology, Chung Hwa
University of Medical Technology, Tainan, Taiwan, *°Division of Hepato-gastroenterology, Department
of Internal Medicine, Chi Mei Medical Center, Tainan, Taiwan, *Department of Health and Nutrition,
Chia Nan University of Pharmacy and Science, Tainan, Taiwan

Background: COVID-19 and influenza can both lead to acute kidney injury (AKI) as a
common complication. However, no meta-analysis has been conducted to directly
compare the incidence of AKI between hospitalized patients with COVID-19 and
influenza. The objective of our study aims to investigate the incidence and outcomes
of AKI among hospitalized patients between these two groups.

Materials and methods: A systematic search of PubMed, Embase, and Cochrane
databases was conducted from December 2019 to August 2023 to identify studies
examining AKI and clinical outcomes among hospitalized patients with COVID-19
and influenza. The primary outcome of interest was the incidence of AKI, while
secondary outcomes included in-hospital mortality, recovery from AKI, hospital
and ICU stay duration. The quality of evidence was evaluated using Cochrane and
GRADE methods.

Results: Twelve retrospective cohort studies, involving 17,618 hospitalized patients
with COVID-19 and influenza, were analyzed. COVID-19 patients showed higher
AKlincidence (29.37% vs. 20.98%, OR: 1.67, 95% Cl 1.56-1.80, p<0.01, 12=92.42%),
and in-hospital mortality (30.95% vs. 5.51%, OR: 8.16, 95% Cl 6.17-10.80, p<0.01,
12=84.92%) compared to influenza patients with AKI. Recovery from AKI was lower
in COVID-19 patients (57.02% vs., 80.23%, OR: 0.33, 95% Cl 0.27-040, p<0.01,
12=85.17%). COVID-19 patients also had a longer hospital stay (SMD: 0.69, 95% Cl
0.65-0.72, p<0.01, 12=98.94%) and longer ICU stay (SMD: 0.61, 95% CI 0.50-0.73,
p<0.01, 1’=94.80%) than influenza patients. In our study, evidence quality was high
(NOS score 7-9), with low certainty for AKl incidence and moderate certainty for
recovery form AKI by GRADE assessment.

Conclusion: COVID-19 patients had higher risk of developing AKI, experiencing
in-hospital mortality, and enduring prolonged hospital/ICU stays in comparison
to influenza patients. Additionally, the likelihood of AKI recovery was lower among
COVID-19 patients.
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1. Introduction

The COVID-19 pandemic is caused by severe acute respiratory
(SARS-CoV-2),
contagious virus that originated in Wuhan, China in late 2019. In
February 2020, the World Health Organization (WHO) formally
named the disease caused by SARS-CoV-2 as coronavirus disease
2019, or COVID-19 (1). As of 13 August 2023, the global count of
confirmed cases has surpassed 769 million, with reported fatalities

syndrome coronavirus 2 an exceptionally

exceeding 6.9 million (2). COVID-19 primarily manifests as a
respiratory disease, with its initial impact concentrated on the lungs.
Early symptoms include fever, cough, and breathing difficulties.
Nevertheless, COVID-19 patients have exhibited extrapulmonary
involvement, affecting various regions including the heart,
gastrointestinal tract, blood vessels, nervous system, and kidneys
(3). Influenza is the most prevalent infectious disease compared to
COVID-19 owing to its analogous transmission routes, clinical
manifestation, and associated complications. Four types of seasonal
influenza viruses exist: types A, B, C, and D. Among these, types A
and B are clinically significant for humans and are responsible for
generating seasonal epidemics. The Influenza A virus comprises the
subtypes A(HIN1) and A(H3N2), both of which frequently circulate
within in human populations. Notably, influenza type A viruses
have been responsible for pandemics induced severe illness,
particularly among older individuals and those with chronic
conditions (4).

Growing evidence suggests that acute kidney injury (AKI) is a
frequent complication of COVID-19, with older age, diabetes,
hypertension, and chronic kidney disease (CKD) being major risk
factors for its occurrence (5). The reported incidence of AKI in recent
meta-analysis studies has shown a ranged between 8.9% and 75% in
hospitalized patients with COVID-19 infection (6, 7). Moreover, 52%
of COVID-19 patients with AKTI have been reported to be critically ill
(8), and to commonly require renal replacement therapy (RRT) (9).
Additionally, it has been observed that hospitalized COVID-19
patients who develop AKI have been reported to exhibit a significantly
elevated risk of mortality compared to those without AKI. Conversely
the mortality rate in COVID-19 patients without AKI has been
reported to be low (10). Similarly, influenza also has potential for
pandemics, and the reported incidence of AKI in patients with
influenza has been reported to a range from 17%~61% (11-13). In
addition, the necessity for RRT is also frequently observed for patients
with influenza infection and AKI (14).

A recent meta-analysis (8) indicated that there were no significant
differences in the frequencies of AKI between critically ill patients
with COVID-19 and those with other respiratory viruses, including
influenza. This study encompassed both ACE2-associated viruses
(including influenza HIN1) and non-ACE2-associated viruses (other
types of influenza). Nevertheless, the number of non-ACE2-associated
groups was limited. Only a few studies have directly compared the
incidence of AKI between patients with COVID-19 and influenza.
Therefore, the aim of this meta-analysis was to assess and compare the
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incidence of AKI and kidney-related outcomes among patients with
COVID-19 and those with influenza infection.

2. Methods
2.1. Literature search and study selection

We conducted an extensive literature search on PubMed, Embase,
and Cochrane spanning from December 2019 to August 2023. No
restrictions were applied to language or geographical location. The
aim was to identify studies comparing the risks of AKI and clinical
outcomes between patients with COVID-19 and influenza. Our search
strategy employed a wide range of search terms, including “COVID-
19 “SARS-CoV-2, “severe acute respiratory syndrome coronavirus
27 “influenza,” “HIN1,” “H3N2,” “acute kidney injury;” “acute renal
failure,” and “acute renal insufficiency” Supplementary to the search,
we manually scrutinized reference lists of relevant studies, systematic
reviews, and meta-analyses to identify any additional pertinent
publications for our analysis. Two authors (CC Hsiao; CC Su)
independently evaluated the titles and abstracts of the identified
articles to ascertain their eligibility for the final analysis. Subsequently,
full-text papers were assessed for quality and data extraction. Our
meta-analysis followed the guidelines outlined in the Preferred
Reporting Items of Systematic Reviews and Meta-Analyses (PRISMA)
statement (15) and Cochrane methods (16). The systematic review
protocol was pre-established and registered on PROSPERO prior to
commencement (17).

2.2. Inclusion and exclusion criteria

The included studies were all cohort studies which met the
following eligibility criteria: (1) enrolled adults >18 years old; with (2)
exposed population: hospitalized patients with COVID-19 infection;
(3) control group: hospitalized patients with influenza infection; and
(4) outcomes: incidence of AKI, in-hospital mortality with AKI,
recovery from AKI, the length of hospitalization/intensive care unit
(ICU) stay. Studies were excluded if they: (1) enrolled individuals
<18years old; (2) lacked data about the incidence of AKI; (3) were
reviews, letters, conference abstracts, case reports, or studies other
than original investigations; and (4) enrolled patients with prior
dialysis before admission.

2.3. Data extraction and risk of bias
assessment

Two investigators, CY Hsiao and CC Su meticulously extracted
all pertinent data from the included studies. The characteristics of
each study were documented, including the authors, publication year,
geographic location of the study, study design, sample size, age
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distribution, gender distribution, types of influenza, and prevalent
comorbid conditions (such as type 2 DM, hypertension, or CKD).
Additionally, details of complications or outcomes were also captured,
including the incidence of AKI, in-hospital mortality with AKI,
recovery from AKI, occurrence of adult respiratory distress syndrome
(ARDS), admission rate to an ICU, administration of ventilator
therapy, utilization of extracorporeal membrane oxygenation
(ECMO), duration of hospitalization or ICU stay. The primary
outcome of this meta-analysis was the incidence of AKI, while the
secondary outcomes encompassed in-hospital mortality with AKI,
recovery from AKI, the length of hospitalization/ICU stay, and the
rates of RRT, vasopressor therapy, ventilator therapy and ARDS. The
criteria for defining AKI aligned with the Kidney Disease Improving
Global Outcomes (KDIGO) criteria in nine publications (18-26). In
the remaining three studies (27-29), specific definitions of AKI were
not explicitly outlined. Recovery from AKI was defined as a serum
creatinine value within 20% (30) of the baseline level obtained within
90 days after peak serum creatinine (19), or by hospital discharge
(23). The term “ventilator therapy” was defined as invasive
mechanical ventilation. To assess the risk of bias risk in the included
studies, we utilized the Newcastle-Ottawa Scale (NOS) (31). This
scale evaluates studies based on three main aspects: selection (0-4
stars), comparability (0-2 stars), and exposure between the case and
control groups (0-3 stars). Scores of 3 or lower indicate poor quality,
scores of 4 to 6 denote moderate quality, and scores of 7 to 9 signify
high quality. The strength of evidence regarding the primary and
secondary outcomes was graded according to the Grading of
Recommendations, Assessment, and Evaluation (GRADE) system
(32). The certainty of evidence for each outcome was categorized as
high, moderate, low, or very low.

2.4. Subgroup analysis

Subgroup analyses related to AKI were conducted considering
factors such as the types of influenza (type A vs. type A or B), age (<
65 vs. > 65years), distribution of gender (female <50% vs. > 50%),
ICU admission rate (< 100% vs. 100%), occurrence of shock (< 50%
vs. > 50%), and utilization of vasopressors (< 50% vs. > 50%).

2.5. Data synthesis and statistical analysis

Patients with COVID-19 infection were compared to those with
influenza infection. The effect size was quantified using the pooled
odds ratio (OR) along with a 95% confidence interval (CI). Some
studies (18, 20, 21, 24, 25, 27-29) reported the length of hospital or
ICU stays as a median with a range. To consolidate data, we estimated
the mean and variance using a validated formula based on the
reported median, range, and sample size (33). The possibility of
publication bias was assessed through funnel plots and Egger’s test.
Heterogeneity between trials was evaluated using the I? test, where
values exceeding 50% were indicative of substantial heterogeneity. To
explore reasons for differences among COVID-19/influenza patients
or across studies, a meta-regression was performed. Comprehensive
Meta-Analysis (Version 3.3.070, 20 November 2014) was employed
for all statistical analyses. Statistical significance was defined as
p-values below 0.05.

Frontiers in Medicine

10.3389/fmed.2023.1252990

3. Results
3.1. Literature search and included patients

As shown in Figure 1, 1,094 studies were identified through the
database search. After removing 287 duplicate articles, 807 articles
were screened with titles and abstracts, and 782 records were excluded
as they did not meet the inclusion criteria (“PICOS”) in our work.
We assessed 25 full-text articles for eligibility, of which 13 were
excluded: one was a meta-analysis involving no influenza patients, one
was a meta-analysis involving other viral infections in addition to
influenza (8), five included only children or patients under 18 years of
age (34-38), and six did not report the incidence of AKI. Ultimately,
12 studies (18-29) with total 17,618 participants were included in the
meta-analysis. The search equation is listed in Supplement Text 1, and
the characteristics of the included studies are provided in Table 1.

3.2. Heterogeneity and quality of the
enrolled studies

The 12 enrolled studies were published between 2020 and 2023.
There were differences in the study populations (e.g., all critically ill
patients in ICUs, ARDS requiring veno-venous ECMO support),
sample size, observation period, and treatment strategies. The NOS
score of the included studies was 8-9, except for one study with a score
of 7 (27), which extracted data of the control population (influenza
group) from a different institution. The quality of the included studies
was considered high based on the NOS score (Supplement Table 1).

3.3. Characteristics of the included patients

A detailed overview of the study characteristics is presented in
Table 1. All studies were retrospective cohort studies. Five studies were
conducted in the United States (18, 19, 21, 23, 24), two in China (27, 29),
one in France (20), one in Austria (22), one in Turkey (25), one in Israel
(26), and one in Pakistan (28). Eight studies (18, 19, 22-24, 26, 28, 29)
reported data on general hospitalized patients, and four studies reported
data on critically ill patients in ICUs (20, 21, 25, 27) and patients with
ARDS requiring veno-venous ECMO (20). Three studies (27-29) enrolled
patients with HIN1 (subtype of influenza A), six studies (20-24, 26)
enrolled patients with type A or B influenza, while the other four studies
(18, 19, 24, 25) recruited influenza patients without mentioning the
subtype. The meta-analysis included 8,634 patients with COVID-19 and
8,984 patients with influenza. The reported mean or median age ranged
from 48.4 to 73.5years. Overall, 31.83% of the total population were
females (n=5,609). The mean prevalence of pre-existing diabetes mellitus
was 37.61% (n=6,626) (range 7.46%-51.00%); the prevalence of
hypertension ranged from 17.05% to 84.00%, and the prevalence of CKD
varied from 4.69% to 35.21%. Detailed outcomes of the included studies
are presented in Table 2.

3.4. Primary outcome: the incidence of AKI

The pooled incidence of AKI was significantly higher in
COVID-19 infection (2,536 out of 8,634, 29.37%) compared to those
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FIGURE 1

Flow diagrams of the studies selection. AKI, acute kidney injury.

with influenza infection (1,855 out of 8,984, 20.98%). This yielded an
odds ratio (OR) of 1.67 (95% CI 1.56-1.80, p<0.01; Figure 2).
However, significant degree of heterogeneity was observed
(I =92.42%). In subgroup analyses (Supplement Figure 1), the
incidence of AKI development was notably greater in the COVID-19
group than in the influenza group, including both type A and B (OR:
1.27,95% CI 1.12-1.44, p<0.01). Yet, the difference was insignificant
when comparing to those with solely influenza A (OR: 0.76, 95% CI
0.46-1.67, p=0.29) (27-29). Regarding the impact of age on the
incidence of AKI, among the studies which recruited relatively older
patients (i.e., age > 65years) (18, 19, 22, 23, 26), COVID-19 infection
was associated with a significantly higher risk of AKI compared to
influenza infection (OR: 1.74, 95% CI 1.61-1.88, p<0.01). Similarly,
studies involving relatively younger patients (i.e., age < 65 years) also
demonstrated a trend towards a heightened risk of AKI incidence in
COVID-19 patients relative to those with influenza infection (OR:
1.25,95% CI 1.01-1.55, p=0.04). Gender did not impact the observed
higher risk of AKI incidence in the COVID-19 group when compared
to the Influenza group (Female <50%, OR: 1.69, 95% CI 1.56-1.84,
p<0.01; Female >50%, OR: 1.63, 95% CI 1.48-1.89, p<0.01).
However, among studies involving relatively critical patients, there was
no significant difference in the incidence of AKI between COVID-19
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infection and Influenza infection (i.e., ICU admission =100%, OR:
0.76,95% CI1 0.50-1.15, p=0.20; shock >50%, OR: 0.61, 95% CI 0.38—
0.98, p=0.04; vasopressors therapy >50%, OR: 1.03, 95% CI 0.58-1.83,
p=0.93).

3.5. Secondary outcomes

3.5.1. In-hospital mortality with AKI

Three studies (18, 19, 23) provided data on in-hospital mortality
rates among COVID-19 and influenza patients with AKI (Figure 3).
The mortality rate in COVID-19 patients with AKI during
hospitalization was 30.95% (580 out of 1,874), while it was 5.51% (62
out of 1,126) in influenza patients. The risk of in-hospital mortality
was pronouncedly higher in COVID-19 patients with AKI than the
influenza patients with AKI (OR: 8.16, 95% CI 6.17-10.80, p<0.01,
> =84.92%, Figure 3).

3.5.2. Recovery from AKI

Among the 12 studies included, only two (19, 23) reported on the
recovery rate from AKI (Figure 4). The findings revealed that 57.02%
(727 out of 1,275) of COVID-19 patients experienced a recovery from
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TABLE 1 Summary of the baseline characteristics of the included studies.

10.3389/fmed.2023.1252990

Author | Nation Patient Patient = Influenza  *Age Shock Female ICU
population = number type (years) (%) (VA admission
(n) COVID-19/
influenza
(%)
Bhasinetal. | United Hospitalization 758 NR 68.6 35.62 54.61 22.03 11.47 5527 43.4/38.1
(18) States (56-81)*
Birkelo United Hospitalization 7,082 NR 67.3 51 84 NR 6.96 6.6 NR
etal. (19) States (13.5)
Cobb et al. United ICU 139 AorB 58.5 33.81 NR 16.54 51.79 36.69 100/100
21) States (16.7)
Cousin France ICU with ARDS 52 AorB 56.2 23.07 44.23 NR 59.61 26.92 100/100
etal. (20) on ECMO (47-61)
Erich et al. Vienna, Hospitalization 708 AorB 73.5 24.9 NR 29.94 NR 49.71 8.5/6.5
(22) Austria (61-82)*
Lachant United Hospitalization 924 AorB 64.7 35.82 | 65.47 23.16 10.49 53.24 34.5/13.5
etal. (24) States (48-75)*
Nasir et al. Pakistan Hospitalization 170 HIN1 (A) 55.6 3941 38.23 NR 17.05 35.29 14.8/27.3
(28) (41-65)"
Strohbehn United Hospitalization 2,425 AorB 69.2 (17) 47.46 81.44 35.21 NR 53.03 NR
etal. (23) States
Tang et al. China ICU with ARDS 148 HIN1 (A) 59.4 23.64 47.29 6.08 22.28 29.05 100/100
27) (49-68)°
Zhengetal. | China Hospitalization 505 HIN1 (A) 484 7.46 17.05 4.69 16.63 42.85 5.2/4.1
(29) (32-63)"
Yildirim Turkey ICU 109 NR 64 (55— 29.35 46.79 5.50 50.46 42.20 100/100
etal. (25) 76)*
Shusterman | Israel Hospitalization 4,634 AorB 71 19.18 31.25 6.30 NR 46.98 NR
etal. (26) (26.75)*

*Data of age are presented as mean + standard deviation or *: Median (interquartile range). ARDS, adult respiratory distress syndrome; CKD, chronic kidney disease; COVID-19, Coronavirus

Disease 2019; DM, Diabetes Mellitus; ECMO, extracorporeal membrane oxygenation; HTN, hypertension; ICU, intensive care unit; NR, not reported.

AKTI, while 80.23% (820 out of 1,022) of influenza patients with AKI
returned to their baseline kidney function. In comparison, patients
with COVID-19 patients were less likely to recover from AKI
compared to those with influenza (OR: 0.33, 95% CI 0.27-0.40,
p<0.01, > =85.17%).

3.5.3. Length of hospital/ICU stay

The duration of hospitalization was remarkably extended in the
COVID-19 group compared to the influenza group, displaying a
standardized mean difference of 0.69days (95% CI 0.65-0.72,
p<0.01, I* =98.94%, Figure 5A). Additionally, patients with
COVID-19 infection experienced a longer stay in the ICU
compared to patients with influenza, with a standardized mean
difference of 0.61days (95% CI 0.50-0.73, p<0.01, I* =94.80%,
Figure 5B).

3.5.4. Renal replacement therapy

The incidence of RRT was reported in five studies (19, 21, 24-26).
When these findings were pooled, the COVID-19 group exhibited an
incidence of 4.10% (271 out of 6,609), while the influenza group
showed an incidence of 1.51% (95 of 6,279). COVID-19 patients were
at a significantly higher risk of requiring RRT in comparison to those
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with influenza (OR: 2.17, 95% CI 1.66-2.85, p<0.01, I* =94.87%,
Supplement Figure 2).

3.5.5. Vasopressor therapy, ventilator therapy and
ARDS

Opverall, patients with COVID-19 infection were found to have a
heightened risk of vasopressor therapy (14.44% vs. 4.32%, OR: 3.40,
95% CI 2.83-4.08, p<0.01, I* =94.82%, Supplement Figure 3),
ventilator therapy (16.14% vs. 7.43%, OR: 2.62, 95% CI 2.30-2.97,
p<0.01,I>=96.51%, Supplement Figure 4), as well as the development
of ARDS (30.28% vs. 27.36%, OR: 1.87, 95% CI 1.18-2.94, p<0.01,
I* =79.36%, Supplement Figure 5) in comparison to patients
with influenza.

3.6. Heterogeneity and publication bias

The I-Square statistic indicated substantial heterogeneity among the
12 included studies for the incidence of AKI, with a value of 92.42%.
Subgroup analysis was conducted to explore potential sources of
heterogeneity, and consistent patterns were observed across different age
groups (<65years old or >65years old) and gender distributions (i.e.,
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TABLE 2 Summary of the outcomes for the included studies.

10.3389/fmed.2023.1252990

Author AKI Recovery In hospital ARDS Ventilator ECMO Length of = Length of
COVID-19/  from AKI mortality = COVID-19/ therapy COVID-19/  hospital ICU stay
influenza ~ COVID-19/  with AKI influenza  COVID-19/ influenza stay COVID-19/
(%) influenza  COVID-19/ (%) influenza (%) COVID19/ influenza
(%) influenza (VA influenza (days)*
(%) (days)*
Bhasin 32.6/33 NR 11.3/3.5 NR 12.9/6.5 NR 6 (3-12)/4 NR
etal. (18) (2-6)
Birkelo 44.6/27.7 57.3/82.3 32.1/3.9 NR 16.7/3.1 NR 147 NR
etal. (19) (20.0)%/5.4
(10.1)*

Cobb et al. 43.1/40.5 NR NR 63/25.7 61.5/94.6 NR 14 (8-22)/8 9 (3-16)/4 (2-
@1 (5-23) 14)
Cousin 50/54.5 NR NR NR 100/100 100/100 29(21-47)/33  27(20-39)/31
etal. (20) (23-45) (22-38)
Erich et al. 27.5/12.4 NR NR NR NR NR NR NR
(22)
Lachant 43.4/29.4 NR NR NR 19.4/4.9 NR 8 (3-21)/4 8 (3-18)/6 (3-
etal. (24) 2-7) 11)
Nasir et al. 20.9/40 NR NR 24.5/30.9 41.7/69.1 NR 7 (4-10)/6 NR
(28) (4-10)
Strohbehn 23/13.4 55.8/70.4 32.3/10.6 NR NR NR 9.9 (10.8)%/5.7 NR
etal. (23) (5.7)*
Tang etal. 17.8/10.7 NR NR 100/100 19.2/85.5 13.7/33.3 13 (10-18)/16 NR
(27) (9-30)
Zheng et al. 2.8/2.3 NR NR 4.4/23 44027 NR 17.5 (13-24)/7 NR
(29) (4-10)
Yildirim 29.6/65.5 NR NR NR 42.6/65.5 NR 18 (11-29)/24 12 (5-18)/12
etal. (25) (13-42) (6-29)
Shusterman 11.8/13.3 NR NR NR 12.4/6.5 NR NR NR
etal. (26)

* Data of length of hospital stay are presented as median, interquartile range. *Data of length of hospital stay are presented as mean + standard deviation. AKI, acute kidney injury; ARDS, adult
respiratory distress syndrome; COVID-19, Coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; NR, not reported.

female <50% or >50%). However, variations in disease severity factors,
such as the proportion of ICU admission (i.e., <100% or 100%), shock
occurrence (i.e., <50% or>50%), and the usage of vasopressors (i.e.,
<50% or>50%), yielded differing outcomes between the COVID-19
and influenza groups. While the Egger’s test did not indicate statistically
significant evidence of publication bias (intercept: —2.56, standard error:
1.49, 95% CI: —5.87 to 0.76, t-value: 1.72, p-value: 0.12), the funnel plot
displayed an asymmetric distribution (see Supplement Figure 6). This
discrepancy suggests that although the Egger’s test did not find
significant publication bias, the visual inspection of the funnel plot raises
concerns about its potential presence regarding AKI. It is worth noting
that Egger’s test has limitations and might not always detect subtle or
complex forms of bias. Therefore, the possibility of publication bias
should not be entirely dismissed and warrants further investigation.

3.7. Meta-regression analysis
The meta-regression bubble plot demonstrated that hypertension

was linked to a higher AKI risk between the COVID-19 and influenza
groups (Z=3.79; p<0.01, Supplement Figure 7C). However, no
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significant differences were observed in relation to age (Z=1.39;
p=0.16, Supplement Figure 7A), pre-existing diabetes mellitus
(Z=0.39; p=0.23, Supplement Figure 7B), chronic kidney disease
(Z=2.23; p=0.03, Supplement Figure 7D), coronary artery disease
(Z=0.60; p=0.55), gender (Z=—0.37; p=0.71), rate of ICU admission
(Z=0.21; p=0.84), or the presence of shock (Z=0.26; p=0.80).

3.8. Quality and GRADE assessment

We examine the quality of evidence using NOS quality assessment,
which included studies of 7-9
(Supplement Table 1). GRADE assessment revealed moderate

showed a score for the

certainty for in-hospital mortality, and low certainty for the incidence
of AKI and recovery from AKI (Supplement Table 2).

4. Discussion

Our analysis of 12 cohort studies indicated that patients with
COVID-19 were at a heightened risk of developing AKI compared to
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Study name Statistics for each study

Odds Lower Upper

ratio limit limit Z-Value p-Value
Bhasin (2021) 0.982 0.723 1.334 -0.119 0.905
Birkelo (2021) 2208 1.999 2439 15.601 0.000
Cobb (2021) 1.110 0.565 2.181 0.303 0.762
Cousin (2021) 0.833 0.277 2511 -0.324 0.746
Erich (2021) 2683 1.719 4.189 4.342 0.000
Lachant (2021) 1.847 1405 2427 4.397 0.000
Nasir (2021) 0.396 0.196 0.799 -2.588 0.010
Strohbehn (2021) 1928 1.561 2.382 6.089 0.000
Tang (2020) 1815 0.704 4.678 1.233 0.218
Zheng (2021) 1.244 0.389 3.977 0.368 0.713
Yildirim (2022) 0.222 0.099 0498 -3.656 0.000
Shusterman (2023) 0.871  0.731 1.037  -1.551 0.121
Total 1.675 1559 1.800 14.068 0.000

Fix effect model
Heterogeneity: df(Q):11, P value < 0.001, 12=92.42%
Tau-squared:0.266, Standard error:0.206, Variance:0.042

FIGURE 2

coronavirus disease 2019.
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Forest plot depicted the risk of incidence of acute kidney injury between COVID-19 and influenza patients. Cl, confidence interval; COVID-19,

Fixed effect model
Heterogeneity: df(Q):2, P value <0.001, 1°=84.92%
Tau-squared:0.479, Standard error:0.635, Variance:0.404

FIGURE 3

COVID-19, coronavirus disease 2019.

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Bhasin (2021) 3.523 1.202 10.331 2.295 0.022 — — 6.75
Birkelo (2021) 11.758 8.355 16.548 14.136 0.000 B 66.88
Strohbehn (2021) 4.012 2.328 6.915 5.003 0.000 . 26.37
Total 8.164 6.173 10.796 14.726 0.000 ¢

Favor Influenza Favor COVID-19

Forest plot depicted the risk of in-hospital mortality with acute kidney injury between COVID-19 and influenza patients. Cl, confidence interval;

patients with influenza, irrespective of age or gender. However, no
significant difference between the two groups was observed in
subgroup analyses among critically ill patients, such as those who
presented with shock, required vasopressor therapy, or had ICU
admission. The difference of AKI incidence was also unremarkable
when comparing to those with solely influenza A. In addition, the
patients with COVID-19 had a noticeably higher risk of in-hospital
mortality with AKI, lower recovery rate from AKI to baseline kidney
function, longer hospital stay/ICU stay, requiring RRT, vasopressor
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utilization, ventilator support and occurrence of ARDS compared to
the patients with influenza. Our findings diverged from a previous
meta-analysis conducted by Cau (8), which primarily focused on
critically ill patients. Their study compared the frequencies of AKI and
RRT among individuals with COVID-19, SARS, Middle East
Respiratory Syndrome (MERS), and influenza. Cau categorized the
data into three groups: COVID-19, ACE-2 associated viral infection
(SARS, influenza HIN1, influenza H7N9), and non-ACE-2 associated
viral infection (MERS, influenzas other than HIN1, H7N9). In
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Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Birkelo (2021) 0.288 0.232 0.358 -11.283 0.000 B 77.96
Strohbehn (2021) 0.531 0.353 0.796 -3.058 0.002 1 22.04
0.330 0.273 0.399 -11.398 0.000 2

Fix effect model
Heterogeneity: df(Q): 1, P value < 0.001, 1?= 85.17%
Tau-squared: 0.158, Standard error: 0.263, Variance: 0.069

FIGURE 4

coronavirus disease 2019.

Forest plot depicted the outcome of recovery from acute kidney injury between COVID-19 and influenza patients. Cl, confidence interval; COVID-19,

Favor Influenza Favor COVID-19

critically ill patients, AKI frequencies did not display significant
differences across virus groups: COVID-19 (51%), ACE2-associated
respiratory viruses (56%), and non-ACE2-associated viruses (63%),
nor between ACE2-associated respiratory viruses and non-ACE2-
associated viruses (p=0.624). This could potentially be attributed to
selection bias. Shock, including septic shock arising from bacterial
sepsis, and the use of vasopressors are common antecedents and
contributors to AKI in critically ill patients. This is due to the changes
in total renal blood flow and the distribution of renal blood flow
caused by shock and the utilization of vasopressor. Additionally, these
conditions result in elevated levels of pro-inflammatory cytokines and
other mediators associated with AKI (39, 40).

In our study, the higher incidence rate of AKI in the patients with
COVID-19 than in those with influenza (29.37% vs. 20.98%, OR: 1.67)
may be attributed to viral tropism of SARS-CoV-2 (41) in the kidney
by the molecular pathways associated with angiotensin converting
enzyme 2 (ACE2). The SARS-CoV-2 enters the host cells through the
enzymatic receptor of ACE2 and transmembrane protease, serine 2.
These receptors are highly expressed not only in lung, but also in renal
proximal tubules and podocytes, as well as other organs such as the
heart, intestine, stomach, and esophagus (42, 43). In addition, the
pathogenesis in COVID-19 patients with AKI involves both the direct
and indirect effects of the SARS-CoV-2 virus on the kidney (5, 28).
Direct cytopathic effects of a replicating virus, inflammation-induced
cell injury from infiltrating inflammatory cells, acute tubule necrosis
and podocyte damage contribute to protein leakage from the
Bowman’s capsule and occurrence of collapsing glomerulopathy (43).
COVID-19 infection can activate complement (C5b-9) deposition at
the brush borders of apical tubules, leading to cell apoptosis,
tubulointerstitial damage and impairment of renal function (44, 45).
Cytotoxic particles such as perforin, granulysin released by activated
killer lymphocytes and leukocyte-derived proinflammatory cytokines
such as interleukin-1, interleukin-6 and tumor necrosis factor-alpha,
further lead to a cytokine storm. The cytokine storm induces cellular
apoptosis and pyroptosis, thus accelerating tubular damage and
interstitial fibrosis. Moreover, increased secretion of interleukin-6
activates vascular endothelial growth factor, reduces the expression of
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E-cadherin, and enhances vascular permeability, resulting in capillary
leak syndrome (46). Furthermore, COVID-19 infection can activate
coagulation factors resulting in microvascular thrombosis, and
macrophages, which can lead to erythro-phagocytosis and anemia (5,
45, 47). Additionally, COVID-19 infection can impair the renin-
angiotensin—aldosterone system (RAAS). The binding of the SARS-
CoV-2 virus to its ACE2 receptor contributes to the loss of ACE2
catalytic activity in the RAAS, leading to the upregulation of
angiotensin II, which exerts pro-inflammatory, pro-fibrotic, and anti-
diuretic and vasoconstrictive properties by activating the Ang T1
receptor (43, 46, 48). Collectively, these mechanisms contribute to
AKI through a direct viral effect on the kidneys.

The indirect effects of COVID-19 infection, including systemic
consequences of viral infection (e.g., sepsis, volume depletion,
hypoxia, rhabdomyolysis, and secondary infection with other viruses,
bacteria, and fungi), nephrotoxicity associated with drugs (e.g.,
antibiotics) and organ crosstalk can also contribute to AKI (5, 43).
Organ crosstalk refers to the intricate biological communication
between distant organs by the release of signaling factors like cytokines
and growth factors, as well as the release of damage-associated
molecular patterns from injured tissues. SARS-CoV-2 infection may
potentially induce ARDS, and inadequate of lung function may lead
to hypoxia of the renal medulla and hypercapnic acidosis. These
conditions can contribute to acute tubular necrosis and renal failure
by diminishing the glomerular filtration rate. Dysfunction of the
cardiovascular system, manifested as acute myocarditis, myocardial
infarction, and heart failure due to SARS-CoV-2 infection, can lead to
a reduction in cardiac output, leading to a decrease in glomerular
filtration rate (5, 49).

Unlike SARS-CoV-2, which has been demonstrated to exhibit
renal tropism, the influenza virus possesses viral-specific tropism for
respiratory epithelial cells. It enters host cells by binding to o
2,6-linked sialic acid receptors through hemagglutinin, a surface
glycoprotein expressed on the viral envelope (50, 51). Acute tubular
necrosis has been identified as the primary histological finding in
renal biopsies of patients infected with influenza A (52, 53). This
condition arise from various factors, including sepsis-related
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A .
Hospital stays
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper Relative
in means error  Variance limit limit Z-Value p-Value weight
Bhasin (2021) 1.434 0.082 0.007 1.273 1.595 17.460 0.000 e 3 5.33
Birkelo (2021) 0.594 0.024 0.001 0546 0.642 24441 0.000 | 60.88
Cobb (2021) 0.744 0.176 0.031 0.399 1.088 4.232 0.000 —— 1.16
Cousin (2021) -0.284 0.282 0.080 -0.836 0.269 -1.005 0.315 —— 0.45
Lachant (2021) 1.456 0.074 0.005 1.311 1.602 19.639 0.000 L 3 6.54
Nasir (2021) 0.288 0.165 0.027 -0.035 0611 1.748 0.080 —— 1.33
Strohbehn (2021) 0.501 0.041 0.002 0420 0.582 12.082 0.000 [ | 20.93
Tang (2020) -0.921 0.173 0.030 -1.260 -0.582 -5.325  0.000 —— 1.20
Zheng (2021) 4.221 0.166 0.028 3.896 4.547 25428 0.000 > 1.30
Yildirim (2022) -0.966 0.202 0.041 -1.363 -0.569 -4.772  0.000 —— 0.88
Total 0.685 0.019 0.000 0648 0.722 36.114  0.000 [)
Fix effect model
Heterogeneity: df(Q):9, P value < 0.001, 2= 98.94%
Tau-squared:0.523, Standard error:0.463, Variance:0.214 Favor Influenza Favor COVID-19
B
ICU stays
Study name Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper Relative
inmeans error Variance Ilimit Ilimit Z-Value p-Value weight
Cobb (2021) 0.898 0.178 0.032 0.549 1.248 5036 0.000 . 11.07
Cousin (2021) -0.437 0.284 0.081 -0.994 0.119 -1.540 0.124 . 4.37
Lachant (2021) 0.774 0.068 0.005 0.640 0.908 11.323 0.000 . 75.32
Yildirim (2022) -0.555 0.195 0.038 -0.937 -0.172 -2.842 0.004 . 9.24
Total 0.612 0.059 0.004 0.49 0.729 10.317 0.000 0

Fix effect model
Heterogeneity: df(Q): 3, P value < 0.001, 1°= 94.79%
Tau-squared: 0.469, Standard error: 0.473, Variance: 0.223

FIGURE 5

interval; COVID-19, coronavirus disease 2019.

Forest plot showing the outcomes of (A) hospital days (B) ICU days between the patients with COVID-19 and influenza infection. Cl, confidence

Favor Influenza Favor COVID-19

hypovolemia, drug toxicity, aggressive fluid accumulation (54), and
potentially the occurrence of rhabdomyolysis (55). Glomerulonephritis
and thrombotic microangiopathy have also been proposed, yet neither
of these conditions have evidence of influenza presence in kidney
epithelial and/or glomerular cells (56). Renal tropism and direct viral
effects on the kidneys may partially elucidate why the incidence of
AKI is higher in COVID-19 patients compared to those with
influenza infection.

However, the incidence of AKI between the COVID-19 patients
and those with influenza A infection (but not those with influenza B
infection) was not significantly different in subgroup analysis in this
study. This may be because influenza type A viruses are known to
cause pandemics and usually cause severe disease mostly in older
people and those with complicated underlying disease, whereas
patients with influenza B usually have less severe symptoms. Evidence
of renal tropism has also been observed in cohorts of influenza HIN1
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patients (52). In addition, with regards to genetic and antigenic
characterization, influenza A viruses are known to undergo a process
called “antigenic shift,” which has resulted in the emergence of novel
influenza A viruses with a hemagglutinin that is genetically and
antigenically distinct from previously circulating strains (4, 57).
Seasonal influenza A and B viruses primarily evolve to escape human
humoral immunity via antigenic drift, a process of genetic change or
mutation that involves with amino acid substitutions, insertions, or
deletions coding for hemagglutinin and neuraminidase epitopes.
Influenza B typically undergoes less rapid genetic changes than
influenza A, resulting in less antigenic drift. As a result, many adults
may have significant immunity to influenza B, and there is usually no
significant difference in the incidence of AKI between patients with
COVID-19 and those with influenza A infection (58, 59).

In this study, the patients with COVID-19 and AKI had a
significantly higher rate of in-hospital mortality compared to those
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with influenza. This difference may be due to the increased knowledge
and implementation of preventative and treatment strategies for
influenza, such as vaccination and antiviral medications, which can
reduce the severity of the disease and decrease the likelihood of
complications such as AKI. Regarding the preventive strategies, the
influenza vaccination coverage rate for adults aged 18years and older
was between 41.7% ~50.2% during influenza seasons between 2019
and 2021 in the United States (60), while the first COVID-19 vaccine
was developed and authorized in late 2020. Regarding treatment, there
are effective antiviral agents and well established guidelines for the
antiviral treatment of influenza published by the US Centers for
Disease Control and Prevention (61) and the Infectious Diseases
Society of America (62). Three classes of antiviral drugs are available
for influenza: (1) neuraminidase inhibitors (oseltamivir, zanamivir,
and peramivir); (2) cap-dependent endonuclease inhibitors
(baloxavir); and (3) adamantanes (amantadine and rimantadine).
Most of the evidence suggests that the use of antiviral therapy, such as
oseltamivir, can shorten the duration of influenza symptoms, reduce
the duration of viral shedding, relieve illness severity, and decrease
rates of complication, hospital admissions, and length of hospital stays
(63). For hospitalized patients with suspected or confirmed influenza,
the initiation of antiviral treatment is recommended as soon as
possible; however, studies on antiviral agents for COVID-19 are
still ongoing.

Another important finding of this study is that fewer of the
patients with COVID-19 recovered from AKI compared to those with
influenza This difference may be due to the renal tropism of SARS-
COV-2 and a more severe pathophysiological course of AKI as
mentioned above. Additionally, the greater number of comorbidities,
more advanced stages of AKI, higher severity of the overall disease,
and higher mortality rates in the COVID-19 group (18, 19) along with
the lack of effective treatment for COVID-19, may also have
contributed to the poor recovery from AKI.

5. Strengths and limitations

This study is the first comprehensive meta-analysis to investigate
differences in the incidence of AKI, the recovery rate from AKI, the
in-hospital mortality associated with AKI, and the length of hospital stay
between patients with COVID-19 and those with influenza infection.
These findings shed light on the importance of early interventions for
renal protection in COVID-19 infected patients. This involves
implementing public health policies for preventive vaccinations, taking
steps to minimize additional renal toxicity insults, ensuring appropriate
fluid management to prevent dehydration caused by gastrointestinal
symptoms, and rigorously monitoring renal function throughout the
duration of hospitalization. However, this study has several limitations.
First, most studies enrolled COVID-19 and influenza patients at different
periods attributable to the seasonal epidemics of influenza. The
predominant influenza strain differed annually, and the pathogenicity of
the different strains also varied in terms of disease severity. Second, some
studies failed to provide a specific definition of AKI, and the criteria for
baseline serum creatinine levels differed across studies. The timing of
AKI was either generally unspecified or spanned a wide time range,
potentially leading to information bias. Third, significant heterogeneity
was observed among the included studies, characterized by factors such
as diverse follow-up periods and varied degrees of disease severity. The
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asymmetric funnel plot suggest a lack of small-scale studies investigating
the risk of AKI in COVID-19 patients; therefore, additional small-scale
research is warranted to further assess the risk of AKI in patients with
COVID-19. However, we report several important findings from our
subgroup analyses enhancing their applicability across different contexts.
Future studies are expected to offer further clarity regarding the
definition and specific timing of AKI development. Additionally, an
important limitation to consider is the dramatic shift in attention towards
COVID-19 since late 2019, which has resulted in a higher number of
publications and screenings for COVID-19 compared to influenza. This
could introduce a selection bias into our meta-analysis. Additionally, the
widespread implementation of COVID-19 preventive measures may
have incidentally reduced the incidence of influenza, affecting the
comparability of the two diseases. It should be noted that the focus on
COVID-19 has also led to increased testing and reporting, potentially
inflating the incidence rates of associated conditions such as AKI.

Moreover, the SARS-CoV-2 strain is continually evolving, which
results in corresponding changes in COVID-19 vaccination and
treatment strategies. To address this, it becomes crucial to match
either align the severity levels of infections or utilize propensity score
matching when comparing results across various studies.

6. Conclusion

AKI was more commonly observed in patients hospitalized with
COVID-19 than in those with influenza. This meta-analysis
specifically highlights the lower recovery rate from AKI in the
COVID-19 group. Additionally, there was a significantly higher rate
of in-hospital mortality and longer hospital stay in the COVID-19
patients compared to those with influenza.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Author contributions

J-YC: conceptualization, supervision, methodology, formal
analysis, and writing - review and editing. C-CY: conceptualization
and supervision and writing - review and editing. C-YH: project
administration, literature search and review, registered at PROSPERO,
data collection, data curation, visualization, writing original draft, and
writing — review and editing. H-CP: methodology and writing —
review and editing. V-CW: methodology. C-CS: literature review
formal analysis and data curation. T-HY, M-HC, and K-CT:
visualization. H-YW and W-CK: data curation and validation. All
authors contributed to the article and approved the submitted version.

Acknowledgments

The authors thank the staff of the Nephrology Division, Chi-Mei
Medical Center for their support with this study.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1252990
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Hsiao et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. World Health Organization. Director-General's remarks at the media briefing on
2019-nCoV on 11 February 2020. (2020); Available at: http://www.who.int/dg/speeches/
detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-
february-2020 (Accessed February 12, 2022)

2. Weekly Epidemiological Update on COVID-19 - 25 January 2023, World Heath
Organization. (2023); Available at: https://www.who.int/publications/m/item/weekly-
epidemiological-update-on-covid-19---25-january-2023. (Accessed January 25, 2023)

3. Zheng KI, Feng G, Liu WY, Targher G, Byrne CD, Zheng MH. Extrapulmonary
complications of COVID-19: a multisystem disease? ] Med Virol. (2021) 93:323-35. doi:
10.1002/jmv.26294

4. Uyeki TM, Hui DS, Zambon M, Wentworth DE, Monto AS. Influenza. Lancet.
(2022) 400:693-706. doi: 10.1016/S0140-6736(22)00982-5

5. Hilton ], Boyer N, Nadim MK, Forni LG, Kellum JA. COVID-19 and acute kidney
injury. Crit Care Clin. (2022) 38:473-89. doi: 10.1016/j.ccc.2022.01.002

6. Chen YT, Shao SC, Hsu CK, Wu IW, Hung MJ, Chen YC. Incidence of acute kidney
injury in COVID-19 infection: a systematic review and meta-analysis. Crit Care. (2020)
24:346. doi: 10.1186/s13054-020-03009-y

7. Fabrizi E, Alfieri CM, Cerutti R, Lunghi G, Messa P. COVID-19 and acute kidney
injury: a systematic review and Meta-analysis. Pathogens. (2020) 9:1052. doi: 10.3390/
pathogens9121052

8. Cau A, Cheng MP, Lee T, Levin A, Lee TC, Vinh DC, et al. Acute kidney injury and
renal replacement therapy in COVID-19 versus other respiratory viruses: a systematic
review and Meta-analysis. Can ] Kidney Health Dis. (2021) 8:205435812110521. doi:
10.1177/20543581211052185

9. Gupta S, Coca SG, Chan L, Melamed ML, Brenner SK, Hayek SS, et al. AKI treated
with renal replacement therapy in critically ill patients with COVID-19. ] Am Soc
Nephrol. (2021) 32:161-76. doi: 10.1681/ASN.2020060897

10. Kellum JA, van Till JWO, Mulligan G. Targeting acute kidney injury in COVID-19.
Nephrol Dial Transplant. (2020) 35:1652-62. doi: 10.1093/ndt/gfaa231

11. Bagshaw SM, Sood MM, Long J, Fowler RA, Adhikari NKJCanadian Critical Care
Trials Group HIN1 Collaborative. Acute kidney injury among critically ill patients with
pandemic HINI influenza a in Canada: cohort study. BMC Nephrol. (2013) 14:123. doi:
10.1186/1471-2369-14-123

12. Jung JY, Park BH, Hong SB, Koh Y, Suh GY, Jeon K, et al. Acute kidney injury in
critically ill patients with pandemic influenza a pneumonia 2009 in Korea: a multicenter
study. J Crit Care. (2011) 26:577-85. doi: 10.1016/j.jcrc.2011.02.012

13. Martin-Loeches I, Papiol E, Rodriguez A, Diaz E, Zaragoza R, Granada R, et al.
Acute kidney injury in critical ill patients affected by influenza a (HIN1) virus infection.
Crit Care. (2011) 15:R66. doi: 10.1186/cc10046

14. Dalbhi SA, Alshahrani HA, Almadi A, Busaleh H, Alotaibi M, Almutairi W, et al.
Prevalence and mortality due to acute kidney injuries in patients with influenza a
(HINT1) viral infection: a systemic narrative review. Int ] Health Sci (Qassim). (2019)
13:56-62.

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BM]J. (2021) 372:n71. doi: 10.1136/bmj.n71

16. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011)
343:d5928. doi: 10.1136/bmj.d5928

17. Chiu-Ying Hsiao J.-Y.C. Comparison with COVID-19 versus influenza on the
outcomes of acute kidney injury: a systematic review and Meta-analysis. PROSPERO
2022 CRD42022323706. (2022); Available at: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42022323706.

18. Bhasin B, Veitla V, Dawson AZ, Garacci Z, Sturgill D, Ozieh MN, et al. AKI in
hospitalized patients with COVID-19 and seasonal influenza: a comparative analysis.
Kidney360. (2021) 2:619-28. doi: 10.34067/KID.0007322020

Frontiers in Medicine

11

10.3389/fmed.2023.1252990

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1252990/
full#supplementary-material

19. Birkelo BC, Parr SK, Perkins AM, Greevy RA Jr, Hung AM, Shah SC, et al.
Comparison of COVID-19 versus influenza on the incidence, features, and recovery
from acute kidney injury in hospitalized United States veterans. Kidney Int. (2021)
100:894-905. doi: 10.1016/j.kint.2021.05.029

20. Cousin N, Bourel C, Carpentier D, Goutay ], Mugnier A, Labreuche J, et al. SARS-
CoV-2 versus influenza-associated acute respiratory distress syndrome requiring Veno-
venous extracorporeal membrane oxygenation support. ASAIO J. (2021) 67:125-31. doi:
10.1097/MAT.0000000000001325

21. Cobb NL, Sathe NA, Duan KI, Seitz KP, Thau MR, Sung CC, et al. Comparison of
clinical features and outcomes in critically ill patients hospitalized with COVID-19
versus influenza. Ann Am Thorac Soc. (2021) 18:632-40. doi: 10.1513/
AnnalsATS.202007-8050C

22.Pawelka E, Karolyi M, Mader T, Omid S, Kelani H, Baumgartner S, et al.
COVID-19 is not “just another flu”: a real-life comparison of severe COVID-19 and
influenza in hospitalized patients in Vienna, Austria. Infection. (2021) 49:907-16. doi:
10.1007/s15010-021-01654-1

23. Strohbehn IA, Zhao S, Seethapathy H, Lee M, Rusibamayila N, Allegretti AS, et al.
Acute kidney injury incidence, recovery, and Long-term kidney outcomes among
hospitalized patients with COVID-19 and influenza. Kidney Int Rep. (2021) 6:2565-74.
doi: 10.1016/j.ekir.2021.07.008

24.Lachant D, Roto D, Rappaport S, Prasad P, Lachant N, White R]. Venous
thromboembolism associates with SARS-CoV-2 more than seasonal influenza. Thromb
Res. (2021) 205:40-3. doi: 10.1016/j.thromres.2021.07.003

25.Yildirim M, Halacli B, Pektezel MY, Er B, Geldigitti IT, Tok G, et al. Comparison
of critically ill COVID-19 and influenza patients with acute respiratory failure. Acute
Crit Care. (2022) 37:168-76. doi: 10.4266/acc.2021.00920

26. Shusterman E, Kliuk Ben-Bassat O, Zahler D, Kupershmidt A, Weiss-Meilik A,
Kehat O, et al. Risk factors, clinical characteristics and prognostic value of acute kidney
injury in COVID-19 compared with influenza virus and respiratory syncytial virus. J
Nephrol. (2023) 36:1349-59. doi: 10.1007/s40620-023-01591-2

27.Tang X, du RH, Wang R, Cao TZ, Guan LL, Yang CQ, et al. Comparison of
hospitalized patients with ARDS caused by COVID-19 and HINI. Chest. (2020)
158:195-205. doi: 10.1016/j.chest.2020.03.032

28. Nasir N, Khanum I, Habib K, Ahmed R, Hussain M, Hasan Z, et al. Comparison
of clinical characteristics and outcomes between COVID-19 pneumonia and HIN1
influenza. Adv Respir Med. (2021) 89:254-61. doi: 10.5603/ARM.a2021.0049

29.Zheng ], Chen F, Wu K, Wang J, Li F, Huang S, et al. Clinical and virological
impact of single and dual infections with influenza a (HIN1) and SARS-CoV-2 in
adult inpatients. PLoS Negl Trop Dis. (2021) 15:e0009997. doi: 10.1371/journal.
pntd.0009997

30.Siew ED, Abdel-Kader K, Perkins AM, Greevy RA Jr, Parr SK, Horner J,
et al. Timing of recovery from moderate to severe AKI and the risk for future loss
of kidney function. Am ] Kidney Dis. (2020) 75:204-13. doi: 10.1053/j.
ajkd.2019.05.031

31. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-
Ottawa scale (NOS) for assessing the quality of nonrandomised studies in meta-analysis.
(2021); Available at: http://www.ohri.ca/programs/clinicalepidemiology/oxford.asp

32. Aguayo-Albasini JL, Flores-Pastor B, Soria-Aledo V. GRADE system: classification
of quality of evidence and strength of recommendation. Cir Esp. (2014) 92:82-8. doi:
10.1016/j.ciresp.2013.08.002

33. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the
median, range, and the size of a sample. BMC Med Res Methodol. (2005) 5:13. doi:
10.1186/1471-2288-5-13

34. Hedberg P, Karlsson Valik J, van der Werff S, Tanushi H, Requena Mendez A,
Granath E, et al. Clinical phenotypes and outcomes of SARS-CoV-2, influenza, RSV and
seven other respiratory viruses: a retrospective study using complete hospital data.
Thorax. (2022) 77:1-10. doi: 10.1136/thoraxjnl-2021-216949

frontiersin.org


https://doi.org/10.3389/fmed.2023.1252990
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1252990/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1252990/full#supplementary-material
http://www.who.int/dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020
http://www.who.int/dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020
http://www.who.int/dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---25-january-2023
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---25-january-2023
https://doi.org/10.1002/jmv.26294
https://doi.org/10.1016/S0140-6736(22)00982-5
https://doi.org/10.1016/j.ccc.2022.01.002
https://doi.org/10.1186/s13054-020-03009-y
https://doi.org/10.3390/pathogens9121052
https://doi.org/10.3390/pathogens9121052
https://doi.org/10.1177/20543581211052185
https://doi.org/10.1681/ASN.2020060897
https://doi.org/10.1093/ndt/gfaa231
https://doi.org/10.1186/1471-2369-14-123
https://doi.org/10.1016/j.jcrc.2011.02.012
https://doi.org/10.1186/cc10046
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.d5928
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022323706
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022323706
https://doi.org/10.34067/KID.0007322020
https://doi.org/10.1016/j.kint.2021.05.029
https://doi.org/10.1097/MAT.0000000000001325
https://doi.org/10.1513/AnnalsATS.202007-805OC
https://doi.org/10.1513/AnnalsATS.202007-805OC
https://doi.org/10.1007/s15010-021-01654-1
https://doi.org/10.1016/j.ekir.2021.07.008
https://doi.org/10.1016/j.thromres.2021.07.003
https://doi.org/10.4266/acc.2021.00920
https://doi.org/10.1007/s40620-023-01591-2
https://doi.org/10.1016/j.chest.2020.03.032
https://doi.org/10.5603/ARM.a2021.0049
https://doi.org/10.1371/journal.pntd.0009997
https://doi.org/10.1371/journal.pntd.0009997
https://doi.org/10.1053/j.ajkd.2019.05.031
https://doi.org/10.1053/j.ajkd.2019.05.031
http://www.ohri.ca/programs/clinicalepidemiology/oxford.asp
https://doi.org/10.1016/j.ciresp.2013.08.002
https://doi.org/10.1186/1471-2288-5-13
https://doi.org/10.1136/thoraxjnl-2021-216949

Hsiao et al.

35.Li Y, Wang H, Wang F, du H, Liu X, Chen P, et al. Comparison of hospitalized
patients with pneumonia caused by COVID-19 and influenza a in children under 5
years. Int ] Infect Dis. (2020) 98:80-3. doi: 10.1016/j.ijid.2020.06.026

36. Liu X, Li W, Zhang B, Guo Y, Hu Z, Peng C, et al. Comparative study of hospitalized
children with acute respiratory distress syndrome caused by SARS-CoV-2 and influenza
virus. BMC Infect Dis. (2021) 21:412. doi: 10.1186/512879-021-06068-w

37. Ludwig M, Jacob J, Basedow F, Andersohn F, Walker J. Clinical outcomes and
characteristics of patients hospitalized for influenza or COVID-19 in Germany. Int J
Infect Dis. (2021) 103:316-22. doi: 10.1016/j.ijid.2020.11.204

38. Piroth L, Cottenet J, Mariet AS, Bonniaud P, Blot M, Tubert-Bitter P, et al.
Comparison of the characteristics, morbidity, and mortality of COVID-19 and seasonal
influenza: a nationwide, population-based retrospective cohort study. Lancet Respir Med.
(2021) 9:251-9. doi: 10.1016/S2213-2600(20)30527-0

39. Gomez H, Ince C, de Backer D, Pickkers P, Payen D, Hotchkiss J, et al. A unified
theory of sepsis-induced acute kidney injury: inflammation, microcirculatory
dysfunction, bioenergetics, and the tubular cell adaptation to injury. Shock. (2014)
41:3-11. doi: 10.1097/SHK.0000000000000052

40. Zarbock A, Gomez H, Kellum JA. Sepsis-induced acute kidney injury revisited:
pathophysiology, prevention and future therapies. Curr Opin Crit Care. (2014)
20:588-95. doi: 10.1097/MCC.0000000000000153

41. Braun E Liitgehetmann M, Pfefferle S, Wong MN, Carsten A, Lindenmeyer MT,
et al. SARS-CoV-2 renal tropism associates with acute kidney injury. Lancet. (2020)
396:597-8. doi: 10.1016/S0140-6736(20)31759-1

42. Qi E Qian S, Zhang S, Zhang Z. Single cell RNA sequencing of 13 human tissues
identify cell types and receptors of human coronaviruses. Biochem Biophys Res Commun.
(2020) 526:135-40. doi: 10.1016/j.bbrc.2020.03.044

43. Ahmadian E, Hosseiniyan Khatibi SM, Razi Soofiyani S, Abediazar S, Shoja MM,
Ardalan M, et al. Covid-19 and kidney injury: pathophysiology and molecular
mechanisms. Rev Med Virol. (2021) 31:€2176. doi: 10.1002/rmv.2176

44. Parise RS, Govindarajulu M, Ramesh S, Thomas T, Moore T, Dhanasekaran M.
COVID-19 induced renal injury differs from that in other viral-infections. Emerg Crit
Care Med. (2022) 2:23-31. doi: 10.1097/EC9.0000000000000021

45. Diao B, Wang C, Wang R, Feng Z, Zhang ], Yang H, et al. Human kidney is a target
for novel severe acute respiratory syndrome coronavirus 2 infection. Nat Commun.
(2021) 12:2506. doi: 10.1038/s41467-021-22781-1

46. Faour WH, Choaib A, Issa E, Choueiry FE, Shbaklo K, Alhajj M, et al. Mechanisms
of COVID-19-induced kidney injury and current pharmacotherapies. Inflamm Res.
(2022) 71:39-56. doi: 10.1007/s00011-021-01520-8

47.He W, Liu X, Hu B, Li D, Chen L, Li Y, et al. Mechanisms of SARS-CoV-2 infection-
induced kidney injury: a literature review. Frontiers in cellular and infection.
Microbiology. (2022) 12:12. doi: 10.3389/fcimb.2022.838213

48. Smarz-Widelska I, Grywalska E, Morawska I, Forma A, Michalski A, Mertowski
S, et al. Pathophysiology and clinical manifestations of COVID-19-related acute kidney
injury-the current state of knowledge and future perspectives. Int J Mol Sci. (2021)
22:7082. doi: 10.3390/ijms22137082

49. Nadim MK, Forni LG, Mehta RL, Connor M] Jr, Liu KD, Ostermann M, et al.
COVID-19-associated acute kidney injury: consensus report of the 25th acute disease

Frontiers in Medicine

12

10.3389/fmed.2023.1252990

quality initiative (ADQI) workgroup. Nat Rev Nephrol. (2020) 16:747-64. doi: 10.1038/
541581-020-00356-5

50.Luo M. Influenza virus entry. Adv Exp Med Biol. (2012) 726:201-21. doi:
10.1007/978-1-4614-0980-9_9

51. Ibricevic A, Pekosz A, Walter MJ, Newby C, Battaile JT, Brown EG, et al. Influenza
virus receptor specificity and cell tropism in mouse and human airway epithelial cells.
Virol. (2006) 80:7469-80. doi: 10.1128/JV1.02677-05

52. Carmona F, Carlotti APCP, Ramalho LNZ, Costa RS, Ramalho FS. Evidence of
renal infection in fatal cases of 2009 pandemic influenza a (HIN1). Am J Clin Pathol.
(2011) 136:416-23. doi: 10.1309/AJCP1Y6LLHWSKYHW

53.Nin N, Lorente JA, Sanchez-Rodriguez C, Granados R, ver LS, Soto L, et al. Kidney
histopathological findings in fatal pandemic 2009 influenza a (HIN1). Intensive Care
Med. (2011) 37:880-1. doi: 10.1007/s00134-011-2183-7

54. Casas-Aparicio GA, Ledn-Rodriguez I, Hernandez-Zenteno R, Castillejos-Lopez
M, Alvarado-de la Barrera C, Ormsby CE, et al. Aggressive fluid accumulation is
associated with acute kidney injury and mortality in a cohort of patients with severe
pneumonia caused by influenza a HIN1 virus. PLoS One. (2018) 13:e0192592. doi:
10.1371/journal.pone.0192592

55. Lai CC, Wang CY, Lin HI. Rhabdomyolysis and acute kidney injury associated
with 2009 pandemic influenza a(HIN1). Am J Kidney Dis. (2010) 55:615. doi: 10.1053/j.
ajkd.2010.01.002

56. Masset C, le Turnier P, Bressollette-Bodin C, Renaudin K, Raffi F, Dantal J. Virus-
associated nephropathies: a narrative review. Int ] Mol Sci. (2022) 23:12014. doi: 10.3390/
ijms231912014

57. How Flu Viruses Can Change: “Drift” and “Shift”. (2022). Available at: https://
www.cdc.gov/flu/about/viruses/change.htm.

58.das SR, Hensley SE, Ince WL, Brooke CB, Subba A, Delboy MG, et al. Defining
influenza a virus hemagglutinin antigenic drift by sequential monoclonal antibody
selection. Cell Host Microbe. (2013) 13:314-23. doi: 10.1016/j.chom.2013.02.008

59. Wang Y, Tang CY, Wan XF. Antigenic characterization of influenza and SARS-
CoV-2 viruses. Anal Bioanal Chem. (2022) 414:2841-81. doi: 10.1007/
500216-021-03806-6

60. Flu Vaccination Coverage, United States, 2020-21 Influenza Season. Available at:
https://www.cdc.gov/flu/fluvaxview/coverage-2021estimates.htm.

61. Centers for Disease Control and Prevention. Influenza antiviral medications:
Summary for clinicians. Available at: https://www.cdc.gov/flu/professionals/antivirals/
summary-clinicians.htm.

62.Uyeki TM, Bernstein HH, Bradley JS, Englund JA, File TM Jr, Fry AM, et al.
Clinical practice guidelines by the Infectious Diseases Society of America: 2018
update on diagnosis, treatment, chemoprophylaxis, and institutional outbreak
Management of Seasonal Influenzaa. Clin Infect Dis. (2019) 68:el-e47. doi:
10.1093/cid/ciy866

63. Kimon C, Zachary M. Seasonal influenza in nonpregnant adults: treatment.
UptoDate (2022); Available at: https://www.uptodate.com/contents/seasonal-influenza-
in-nonpregnant-adults-treatment?search=influenza%20antiviral&source=search_resul
t&selectedTitle=1~150&usage_type=default&display_rank=1#.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1252990
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.ijid.2020.06.026
https://doi.org/10.1186/s12879-021-06068-w
https://doi.org/10.1016/j.ijid.2020.11.204
https://doi.org/10.1016/S2213-2600(20)30527-0
https://doi.org/10.1097/SHK.0000000000000052
https://doi.org/10.1097/MCC.0000000000000153
https://doi.org/10.1016/S0140-6736(20)31759-1
https://doi.org/10.1016/j.bbrc.2020.03.044
https://doi.org/10.1002/rmv.2176
https://doi.org/10.1097/EC9.0000000000000021
https://doi.org/10.1038/s41467-021-22781-1
https://doi.org/10.1007/s00011-021-01520-8
https://doi.org/10.3389/fcimb.2022.838213
https://doi.org/10.3390/ijms22137082
https://doi.org/10.1038/s41581-020-00356-5
https://doi.org/10.1038/s41581-020-00356-5
https://doi.org/10.1007/978-1-4614-0980-9_9
https://doi.org/10.1128/JVI.02677-05
https://doi.org/10.1309/AJCP1Y6LLHWSKYHW
https://doi.org/10.1007/s00134-011-2183-7
https://doi.org/10.1371/journal.pone.0192592
https://doi.org/10.1053/j.ajkd.2010.01.002
https://doi.org/10.1053/j.ajkd.2010.01.002
https://doi.org/10.3390/ijms231912014
https://doi.org/10.3390/ijms231912014
https://www.cdc.gov/flu/about/viruses/change.htm
https://www.cdc.gov/flu/about/viruses/change.htm
https://doi.org/10.1016/j.chom.2013.02.008
https://doi.org/10.1007/s00216-021-03806-6
https://doi.org/10.1007/s00216-021-03806-6
https://www.cdc.gov/flu/fluvaxview/coverage-2021estimates.htm
https://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm
https://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm
https://doi.org/10.1093/cid/ciy866
https://www.uptodate.com/contents/seasonal-influenza-in-nonpregnant-adults-treatment?search=influenza%20antiviral&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/seasonal-influenza-in-nonpregnant-adults-treatment?search=influenza%20antiviral&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1
https://www.uptodate.com/contents/seasonal-influenza-in-nonpregnant-adults-treatment?search=influenza%20antiviral&source=search_result&selectedTitle=1~150&usage_type=default&display_rank=1

	Acute kidney injury in patients with COVID-19 compared to those with influenza: a systematic review and meta-analysis
	1. Introduction
	2. Methods
	2.1. Literature search and study selection
	2.2. Inclusion and exclusion criteria
	2.3. Data extraction and risk of bias assessment
	2.4. Subgroup analysis
	2.5. Data synthesis and statistical analysis

	3. Results
	3.1. Literature search and included patients
	3.2. Heterogeneity and quality of the enrolled studies
	3.3. Characteristics of the included patients
	3.4. Primary outcome: the incidence of AKI
	3.5. Secondary outcomes
	3.5.1. In-hospital mortality with AKI
	3.5.2. Recovery from AKI
	3.5.3. Length of hospital/ICU stay
	3.5.4. Renal replacement therapy
	3.5.5. Vasopressor therapy, ventilator therapy and ARDS
	3.6. Heterogeneity and publication bias
	3.7. Meta-regression analysis
	3.8. Quality and GRADE assessment

	4. Discussion
	5. Strengths and limitations
	6. Conclusion
	Data availability statement
	Author contributions

	References

