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Abstract

Background: Acute kidney injury (AKI) is a frequent complication associated with severe COVID-19 and has been linked to
increased mortality. While vaccination against SARS-CoV-2 has shown effectiveness in reducing severe COVID-19 outcomes,
its impact on the development of AKI among hospitalized patients remains unclear.

Objective: To evaluate the effect of SARS-CoV-2 vaccination on the incidence and severity of AKI and 28-day mortality
among hospitalized patients with severe COVID-19.

Design: Retrospective case-control study.

Setting: Conducted at the Internal Medicine Department of Hospital General Dr. Manuel Gea Gonzalez, Mexico, from April
2020 to December 2021.

Patients: 413 patients over |8 with confirmed severe COVID-19 were included. Patients were categorized based on their
vaccination status before COVID-19 infection.

Measurements: Key outcomes included the incidence of AKI, progression to AKI stage 3, and 28-day mortality. AKI was
defined according to the KDIGO criteria.

Methods: Data were analyzed using univariate and logistic regression models to assess the association between vaccination
status and the studied outcomes. Covariates included age, sex, BMI, type 2 diabetes, hypertension, and inflammatory markers.
Results: Among the 413 patients, 70% developed AKI, with a median hospital stay of 10 days (range 6-17). Vaccinated
patients had a significantly lower incidence of AKI compared with nonvaccinated patients (48.7% vs 74.9%; P < .001). After
adjusting for confounding factors, vaccination was associated with lower odds of AKI (OR: 0.252, 95% CI: 0.140-0.452), AKI
stage 3 (OR: 0.448, 95% CI: 0.205-0.981), and 28-day mortality (OR: 0.187, 95% CI: 0.064-0.544).

Limitations: As a single-center retrospective study, generalizability is limited. In addition, vaccination data were obtained
from medical records, and the completeness of vaccination could not be independently verified.

Conclusions: SARS-CoV-2 vaccination was independently associated with a reduced risk of AKI, AKI stage 3, and 28-
day mortality in hospitalized patients with severe COVID-19. These findings highlight the potential protective effects of
vaccination against severe kidney complications in this population.
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Introduction

The COVID-19 pandemic has presented unprecedented
global health challenges, resulting in over 800 million infec-
tions and 7 million deaths worldwide despite widespread
vaccination efforts.!? Vaccines have shown significant real-
world effectiveness in reducing the rates of SARS-CoV-2
infection, hospitalization, and mortality.! As the pandemic
continues to evolve and transition to an endemic state,? it is
important to understand the vaccine’s impact on specific
complications, such as acute kidney injury (AKI). AKI is a
severe complication of COVID-19 that is linked to increased
in-hospital mortality, prolonged hospitalization, and the need
for kidney replacement therapy (KRT).*¢ Given the signifi-
cant health risks associated with AKI in severe COVID-19
cases, it is crucial to investigate whether vaccination pro-
vides protective benefits against this complication.

Prior studies have extensively documented the overall
efficacy of COVID-19 vaccines in reducing severe outcomes
like hospitalization and death.! However, the mechanisms of
COVID-19-induced AKI are complex, involving acute tubu-
lar necrosis, collapsing glomerulopathy, and mitochondrial
impairment due to direct viral damage and the cytokine
storm.*” While some research has explored the general
complications of COVID-19 on kidney function, there is a
lack of comprehensive studies analyzing the specific effects
of vaccination on the incidence and severity of AKI in
patients with severe COVID-19. This gap in knowledge
leaves clinicians and policymakers uncertain about the
potential kidney protective benefits of vaccination.

The primary objective of this study is to describe the fre-
quency and characteristics of AKI in hospitalized patients
with severe COVID-19 who have received at least 1 dose of
the SARS-CoV-2 vaccine. It is hypothesized that immuniza-
tion against SARS-CoV-2 is associated with a lower inci-
dence of AKI, reduced progression to AKI stage 3, and
decreased 28-day mortality. The secondary aim is to evaluate
whether vaccination independently reduces these adverse
outcomes when adjusted for clinical and biochemical con-
founders, such as age, comorbidities, and inflammatory
markers. Using a case-control design, the study aims to pro-
vide evidence that could support the role of vaccination in
protecting against severe renal complications in patients with
COVID-19.

Material and Methods

Participants

A retrospective observational study was performed using
medical files from patients hospitalized at the Internal
Medicine department of the Hospital General Dr. Manuel
Gea Gonzalez (HGDMGG) from April 2020 to December
2021. We report our findings following the STROBE guide-
lines for case-control studies. The patient inclusion criteria
were age >18 years, confirmed SARS-CoV-2 infection

through a positive polymerase chain reaction testing, hospi-
talization at the emergency department less than 24 hours,
and patients with 30-day follow-up. Severe COVID-19
infection was defined as clinical signs of dyspnea, respira-
tory frequency over 30/min, oxygen saturation less than
93%, arterial oxygen partial pressure/fractional inspired oxy-
gen (Pa0O,/Fi0,) ratio less than 300, and lung infiltrates more
than 50% of the lung field within 24 to 48 hours.'? Likewise,
AKI was defined according to KDIGO criteria as follows:
stage 1, as an increase in serum creatinine level by 0.3 mg/dL
within 48 hours or 1.5 to 1.9 times increase in serum creati-
nine level from baseline within 7 days; stage 2, as 2 to 2.9
times increase in serum creatinine level within 7 days; and
stage 3, as 3 or more times increase in serum creatinine level
within 7 days or initiation of dialysis.> The exclusion criteria
included incomplete 30-day follow-up and loss of variables
of interest (i.e., creatinine serum levels and AKI stage).
Baseline kidney function was determined using the most
recent outpatient serum creatinine measurement within the
past 3 months for patients with prior follow-up or the first
serum creatinine measurement at emergency department
admission for those without recent outpatient data.

Overall, records from 1057 hospitalized patients with
COVID-19 diagnosis were analyzed. Of them, 644 patients
were excluded due to missing data. A flow diagram of the
patient selection process is presented in Figure 1. This study
was approved by the HGDMGG Research Committee and
Research Ethics Committee (REF 14-17-2022), and patient
anonymity was guaranteed according to the 1975 Declaration
of Helsinki. Upon medical admission, the patient or a family
member signed an informed consent form permitting the use
of his/her medical file information for didactic, research, and
publication purposes.

Clinical and biochemical data were obtained at admis-
sion. The body mass index (BMI) was calculated as the basal
weight in kilograms (kg) divided by the square of body
height in meters (m?); average weight was defined as <25
kg/m?, overweight as BMI between 25 and 29.9 kg/m?, and
obesity as BMI = 30 kg/m?. Hypertension was defined as BP
values >140/90 mm Hg or prior documented diagnosis.
Type 2 diabetes was defined when fasting plasma glucose
values were =126 mg/dL or when the patient self-reported a
previous diagnosis or current hypoglycemic drug use. The
KIDGO guidelines defined chronic kidney disease (CKD) as
a glomerular filtration rate <60 mL/min/1.73m? for more
than 3 months, structural renal changes, or when the patient
self-reported a previous diagnosis. The glomerular filtration
rate was estimated with the 2021 Chronic Kidney Disease
Epidemiology Collaboration equation.’

SARS-CoV-2 Vaccine Data

The COVID-19 vaccination in Mexico is the national strategy
initiated on December 24, 2020, to vaccinate the population
over 15 years old to reduce the risk of hospitalization and
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1057 hospitalized patients with
Covid-19

Patients excluded (n = 644):

Incomplete baseline data (n= 586)
Incomplete outcome data (n=58)

<« |

413 patients with complete

191 patients had AKI KDIGO 1
30 patients had AKI KDIGO 2
30 patients had AKI KDIGO 3

data
|
335 patients were 78 patients were
not vaccinated vaccinated
I l
84 patients did not 251 patients 40 patients did not 38 patients
developed AKI developed AKI developed AKI developed AKI

26 patients had AKI KDIGO 1
3 patients had AKI KDIGO 2
9 patients had AKI KDIGO 3

28-day Mortality
Without AKI = 6/84 (7.1%)

28-day Mortality
AKI KDIGO 1 = 54/191 (28.3%)
AKIKDIGO 2 = 13/30 (43.3%)
AKI KDIGO 3 = 12/30 (40.0%)

28-day Mortality
Without AKI = 2/40 (5.0%)

28-day Mortality
AKI KDIGO 1 = 5/26 (19.2%)
AKIKDIGO 2 = 1/3 (33.3%)
AKI KDIGO 3 = 1/9 (11.1%)

Figure |. Patient selection flow diagram.
Note. AKI = acute kidney injury.

death in a global effort to combat the COVID-19 pandemic.'!
The vaccination began on December 24, 2020, in the federal
entities of Mexico City, Querétaro, and the State of Mexico.
Mexico became the first country in Latin America to receive
COVID-19 vaccines authorized for use and application. The
first authorized vaccine was Pfizer-BioNTech in December
2020; the second COVID-19 vaccine approved was AZD1222
by Oxford-AstraZeneca in January 2021, followed by Gam-
COVID-Vac/Sputnik V, Sinovac, and CanSino in February
2021."

Biochemical Analysis

Blood samples from the patients were collected after admis-
sion to the emergency department. The measurements were
carried out with commercially available standardized meth-
ods. Serum creatinine, serum blood urea nitrogen (BUN),
C-reactive protein (C-RP), and lactic dehydrogenase (LDH)
were measured using DxC 700 AU Chemistry Analyzer
(Beckman Coulter, Fullerton CA). Plasma ferritin concentra-
tions were estimated using an enzyme-linked immunosor-
bent assay (Beckman Coulter DxC 6001, Fullerton, CA). D
Dimer levels were assessed using an ACL Top 550 CTS
(Werfen Company, Spain).

Statistical Analysis

Statistical analysis was conducted using SPSS 26 (SPSS
Inc., Chicago, IL). The data were checked for outliers and

normality assumptions. The normality of continuous vari-
ables was evaluated using the Shapiro-Wilk normality test
and visually using histograms and Q-Q plots. Values are pre-
sented as mean * standard deviation, median (interquartile
range), or frequencies (%). Means and medians were com-
pared using the t-student test or Mann-Whitney’s U test, and
frequencies were compared using the chi-squared test.

The Kaplan-Meier method was used to calculate survival
distributions for groups classified by AKI and vaccine status,
with statistical significance assessed using the log-rank test.
Binary logistic regression models were employed to deter-
mine the association between vaccine status and AKI, 28-day
mortality, and the development of AKI stage 3. These regres-
sion models, utilizing backward stepwise elimination,
included the following covariates: sex, age, BMI, type 2 dia-
betes, hypertension, serum levels of D-dimer, lactic dehydro-
genase, C-reactive protein, and ferritin. Odds ratios (ORs)
with 95% confidence intervals (95% CI) were reported, and
statistical significance was set at P = .005.

Results

The study included 413 hospitalized patients with confirmed
SARS-CoV-2 infection. Overall, 70% (n = 289) of the
patients developed AKI at any stage and had a median hospi-
tal stay of 10 days (6-17). The mean age of the participants
was 55.2 = 14.8 years; 36.1% (n = 149) were women, had a
mean BMI of 28.2 + 5.5 kg/m? (29.6% had average weight,
38.1% had overweight, and 32.3% had obesity), 44.1% had
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type 2 diabetes, 29.3% had hypertension, and only 5.1% had
chronic kidney disease. Of the 413 patients included in the
study, only 18.9% (n = 78) received at least 1 dose of the
SARS-CoV-2 vaccine. Among these, 29 patients (7.0%) had
1 dose, 41 (9.9%) had 2 doses, and only 8 patients (1.9%)
received 3 or more doses. AZD1222 (Oxford-AstraZeneca)
was the most common vaccine, followed by Pfizer-BioNTech
and Sputnik. The frequency of AKI was significantly lower
in vaccinated patients compared with those who did not
receive any vaccines (48.7% vs 74.9%; P < .001). Detailed
demographic characteristics of the vaccinated patients are
provided in the supplementary tables.

The overall mortality rate in our cohort was 28.8% (n =
119). Within this group, the 28-day mortality was 22.8%
(n = 94). In addition, 29.3% of patients (n = 121) required
mechanical ventilation, and 8.0% (n = 33) needed KRT. Of
them, 7.3% (n = 30) received hemodialysis, and 1.2% (n =
5) underwent peritoneal dialysis.

The clinical and biochemical characteristics of the patients
were classified by vaccine status and subclassified by AKI
status afterward (see Table 1). Among the nonvaccinated
population, those who developed AKI were significantly
older, more likely to be men, had a longer length of stay in
the hospital, a higher frequency of mechanical ventilation,
higher median serum levels of BUN, basal, admission, and
discharge creatinine, lower eGFR at admission and dis-
charge, higher D-dimer, C-reactive protein, KRT, and mor-
tality. Among the vaccinated population, those who
developed AKI were older, had a lower BMI, had a longer
length of stay in the hospital, and had higher levels of
D-dimer. As expected, according to the operational defini-
tion of AKI, they had higher median serum levels of BUN,
basal, admission, and discharge creatinine and lower eGFR
at admission and discharge. Furthermore, we aimed to com-
pare vaccinated patients with AKI with those who were not,
serving as the control group (Supplementary Table 1).
Unvaccinated patients with AKI exhibited a lower frequency
of diagnosed hypertension, as well as lower median serum
levels of BUN, basal creatinine, and lactate dehydrogenase.
We found no bivariate association with the frequency of
mechanical ventilation, serum creatinine at admission and
discharge, duration of AKI, D-dimer, C-reactive protein, fer-
ritin, and 28-day mortality. However, they tended to have
lower levels in the vaccinated AKI group.

The 28-day mortality distribution (Figure 2) differed
among the vaccine and AKI status (x> = 8.469, P = .036).
Multiple logistic regression models assessed the association
between immunization against SARS-CoV-2 and AKI, the
development of AKI stage 3, and 28-day mortality (Table 2).
The unadjusted model indicated that COVID-19 vaccination
was associated with lower odds of developing AKI and
reduced 28-day mortality by 68.2% and 61.6%, respectively.
However, AKI stage 3 did not reach statistical significance in
this model. Following adjustment for clinical and demo-
graphic confounding variables, COVID-19 vaccination

decreased the probability of AKI by 72.7%, AKI stage 3 by
55.8%, and 28-day mortality by 80.8%. Finally, when proin-
flammatory biomarkers were added to the variables of model
1, COVID-19 vaccination remained associated with lower
odds of AKI by 74.8%, AKI stage 3 by 55.2%, and 28-day
mortality by 81.3%.

Discussion

Ever since the initial documentation of the SARS-CoV-2
infection in December 2019, it has been widely acknowl-
edged that the upper respiratory tract is the primary site of
infection.'® Nevertheless, substantial evidence indicates that
beyond the respiratory system, various organs, such as the
heart, liver, and kidneys, can also suffer severe repercus-
sions.**% Among these, COVID-19-induced AKI is closely
associated with the critical clinical condition of patients,
resulting in a worse prognosis.>!? Although more than 8.2
billion COVID-19 vaccine doses have been administered
globally to mitigate the burden of COVID-19, to our
knowledge, no studies have thoroughly analyzed the rate and
outcomes of AKI in post-vaccine patients with severe
COVID-19. Our results show that compared with their con-
trol peers, hospitalized patients with severe COVID-19 were
significantly less likely to develop AKI, AKI stage 3, and had
reduced 28-day mortality. It is important to note that while
our study included patients with CKD who developed AKI
during hospitalization, we did not have any patients on main-
tenance dialysis or kidney transplant recipients before their
COVID-19 infection. All instances of KRT initiation
occurred during hospitalization as a result of COVID-19-
related complications. This distinction is important as it
underscores that the need for KRT in our cohort was directly
associated with the acute impact of severe COVID-19 rather
than preexisting ESKD. While these results may not be
directly applicable to the entire COVID-19 population due to
potential differences in ethnicity or host response in other
settings, vaccination against SARS-CoV-2 is unequivocally
necessary not only to reduce the risk of infection but also to
prevent AKI and mitigate worse outcomes in severe COVID-
19 cases with AKI.

The development of COVID-19 vaccines during the
worst periods of the pandemic marked one of the most chal-
lenging moments in human history.' The race to find a suc-
cessful vaccine led to the development of numerous
vaccines that have been widely authorized worldwide.
Overall, 3 major types of COVID-19 were approved for
emergency use during the pandemic: messenger RNA
(mRNA), viral vector, and inactivated and protein subunit
vaccines.!® The efficacy, immunogenicity, and safety of
COVID-19 vaccines have been widely documented across
different phase I, phase II, and phase III trials. A recent
meta-analysis by Sharif et al' showed that the collective
vaccine efficacy for the adenovirus vector vaccines was
73% (95% CI = 69-77), and for the mRNA vaccines was
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Table I. Clinical and Biochemical Characteristics of Patients With Severe COVID-19 Stratified by Vaccine Status and Acute Kidney

Injury (AKI).

Not Vaccinated (n = 332)

Vaccinated (n = 78)

Without AKI With AKI Without AKI With AKI
(n = 84) (n = 251) P-value (n = 40) (n = 38) P-value
Age (years) 50.8 = 15.1 56.7 = 14.2 .001 51.3 = 14.8 59.2 = 15.3 .023
Women (%) 46.4 311 011 40.0 42.1 .850
BMI (kg/m2) 29.0 £ 52 279 £ 5.6 .18 30.0 £ 54 263 £5.2 .005
Diabetes (%) 393 43.8 467 47.5 52.6 651
Hypertension (%) 214 28.7 194 27.5 52.6 .037
CKD (%) 1.2 6.4 .082 0.0 10.5 .052
Days in Hospital (days) 9 (6-11) 13 (9-19) <.001 7 (6-12) 12 (7-20) <.001
Mechanical Ventilation (%) 10.7 40.6 <.001 0.0 26.3 <.001
BUN (mg/dL) 15.5(12.3-20.7)  22.9 (16.0-36.5) <.001 15.8 (11.8-22.2) 41.7 (23.6-71.9) <.001
Basal Serum creatinine (mg/dL)  0.68 (0.52-0.80)  0.70 (0.60-0.90) .008 0.63 (0.60-0.73) 0.90 (0.68-1.07 <.001
Serum creatinine at admission 0.79 (0.70-0.90) 1.20 (0.95-1.56) <.001 0.77 (0.63-0.93) 1.26 (1.06-2.50) <.001
(mg/dL)
Estimated GFR at admission 104 (91-118) 47 (25-84) <.001 104 (91-116) 68 (45-92) <.001
(mL/min/1.73m?)
AKI duration (days) - 4 (2-8) N/A - 5(3-8) N/A
Serum Creatinine at discharge 0.66 (0.54-0.77)  0.81 (0.63-1.36) <.001 0.63 (0.57-0.73) 0.74 (0.66-1.05) .003
(mg/dL)
Estimated GFR at discharge 108 (99-124) 98 (70-111) <.001 112 (101-120) 97 (55-115) <.001
(mL/min/1.73m?)
KDIGO stage (%)? - N/A - N/A
KDIGO | 76.1 68.4
KDIGO 2 12.0 7.9
KDIGO 3 12.0 23.7
D Dimer (pg/mL) 0.40 (0.20-0.70)  0.59 (0.30-1.23) .001 0.40 (0.20-1.20) 0.80 (0.40-1.50) .014
LDH (IU/L) 347 (266-453) 390 (280-527) 230 276 (219-364) 308 (231-453) .166
C-reactive protein (mg/dL) 1.5 (6.5-19.1) 17.0 (7.4-23.6) .010 17.8 (7.2-26.3) 14.7 (7.3-24.6) .578
Ferritin (ng/mL) 577 (318-1003) 686 (357-1195) .100 329 (184-650) 469 (203-1152) .330
KRT (%) 0.0 10.8 <.001 0.0 15.8 .009
28-day Mortality (%) 7.1 315 <.001 5.0 18.4 .064

Variables are mean = standard deviation, median (interquartile range), or percentages. P-value: T-student test, U Mann-Whitney, or chi%. BMI = body
mass index; CKD = chronic kidney disease; BUN = blood urea nitrogen; LDH = lactic dehydrogenase; KRT = kidney replacement therapy; N/A = not

applicable.
2KDIGO stage at the onset of AKI.

85% (95% CI = 82-88). In this study, the primary type
of vaccine was adenovirus vector vaccines (Oxford/
AstraZeneca), followed by mRNA vaccines. In addition,
different vaccine regimens have been proposed for each
vaccine. However, patients of this study may not have had
complete immunization as suggested by the Mexican
national strategy.!!

It has been reported that AKI following the COVID-19
vaccination was more frequent than the application of other
vaccines, such as influenza vaccine and yellow fever vac-
cine, among others.?® Although this study aimed to demon-
strate the lower burden of AKI in hospitalized patients with
severe COVID-19, some other reports have shown that
SARS-CoV-2 vaccination could be partially associated with
some adverse renal events.'*!7 As part of this, Chen et al'®

found that coexisting active illnesses were independently
associated with AKI after receiving the SARS-CoV-2 vac-
cine. Interestingly, they reported that having an active dis-
ease increased the odds of AKI-associated mortality by 2.19
times after receiving a COVID-19 mRNA vaccination. It has
been proposed that the AKI after vaccination could be caused
by high immunogenicity, especially in the mRNA vaccines
that can induce increased cell-mediated and antibody-medi-
ated immune responses.'* It is important to highlight that this
study did not account for different SARS-CoV-2 variants
during the study period, which could impact vaccine effec-
tiveness and patient outcomes. The varying transmissibility
and pathogenicity of these variants may have influenced the
rates of acute kidney injury and other clinical outcomes, rep-
resenting a significant limitation of our analysis.
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Figure 2. Time-to-event analysis for COVID- 9 vaccination and acute kidney injury (AKI).

Table 2. Binary Logistic Regression Models of SARS-CoV-2 Vaccination and the Odds for Acute Kidney Injury (AKI), 28-Day Mortality,
and the Development of AKI Stage 3 in Patients With Severe COVID- 9.

AKI AKI stage 3 28-day Mortality
SARS-CoV-2 Vaccination OR (95%Cl) P-value OR (95%Cl) P-value OR (95%Cl) P-value
Unadjusted
Not Vaccinated I <.001 | 0.088 | 01l
Vaccinated 0.318 (0.191-0.528) 0.561 (0.289-1.089) 0.384 (0.184-0.802)
Model |
Not Vaccinated I <.001 | 0.039 | .002
Vaccinated 0.273 (0.155-0.481) 0.442 (0.204-0.959) 0.192 (0.067-0.550)
Model 2
Not Vaccinated I <.001 I 0.045 | .002
Vaccinated 0.252 (0.140-0.452) 0.448 (0.205-0.981) 0.187 (0.064-0.544)

Model | was adjusted by SARS-CoV-2 Vaccination status, age, sex, Body Mass Index, type 2 diabetes, and hypertension; model 2 included model | plus

serum levels of D-dimer, lactic dehydrogenase, C-reactive protein, and ferritin.

The direct impact of SARS-CoV-2 on the kidneys triggers
local inflammation, attracting immune cells such as macro-
phages, effector T cells, and polymorphonuclear neutro-
phils.*”# Within the lungs, damage-associated molecular
patterns and pathogen-associated molecular patterns prompt
the release of cytokines, which exacerbate inflammation and
tissue damage by recruiting additional inflammatory cells.*
Interferon secretion from immune cells aids in viral clear-
ance.’ In addition, activated neutrophils release neutrophil
extracellular traps, which may further enhance the local
inflammatory response, aid in pathogen clearance, and con-
tribute to thrombosis.”® The enhanced release of inflamma-
tory mediators by immune and resident kidney cells is likely

to be a key mechanism of tissue damage in patients with
COVID-19, the so-called cytokine storm.® The cytokine
storm is perceived as a critical condition marked by organ
failure and the swift overactivity and proliferation of all
components of the immune system, such as T cells, macro-
phages, and natural killer cells.'® This results in an elevated
production and release of various chemical mediators and
inflammatory cytokines, posing a significant threat to life.%'3
In this study, we hypothesized that severe COVID-19 infec-
tion accompanied by AKI would exhibit a diminished proin-
flammatory response in vaccinated individuals. Only lactic
dehydrogenase levels were significantly lower in vaccinated
patients with severe COVID-19 and AKI. While ferritin,
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C-reactive protein, and D-dimer levels did not reach statisti-
cal significance, they tended to be lower, possibly due to the
sample size.

This study has several strengths. To the best of our knowl-
edge, this was the first case-control study to investigate the
association between SARS-CoV-2 vaccination and the
development of AKI, AKI stage 3, and 28-day mortality.
Other reports have only focused on the rare adverse renal
events of the COVID-19 vaccine. While we did not identify
a significant reduction in proinflammatory makers after vac-
cination, reporting these negative results is valuable for
future research. Another strength is that the population
included exclusively comprised patients with severe COVID-
19, allowing us to analyze the course of the disease in the
setting of severe inflammation.

On the other hand, our study has some significant limita-
tions. Being a single-center retrospective study in Mexico,
the results may be challenging to generalize, and further
studies are needed to confirm our findings. Secondly, the
COVID-19 vaccination data was extracted from medical
records within our institution. Thus, we could not verify the
adequacy of its administration and the duration between
administration and the onset of AKI. Third, our cohort’s rela-
tively small proportion of vaccinated patients may limit our
findings’ statistical power and generalizability, necessitating
more extensive studies to validate these results. An addi-
tional limitation to consider is the potential for selection bias.
Patients who received the COVID-19 vaccine may have had
more regular contact with healthcare services due to preex-
isting chronic conditions, making them more likely to engage
with vaccination programs and other preventive measures.
Our institution, being a major referral center, serves a popu-
lation with significant health disparities, including high lev-
els of illiteracy and limited access to information. While
vaccines were accessible at local primary care centers, dif-
ferences in health-seeking behaviors and access to timely
treatment could have contributed to the observed lower risk
of AKI among vaccinated patients. This potential selection
bias should be considered when interpreting the protective
effect of vaccination observed in our study. Moreover, we
could only confirm if patients had prior COVID-19 hospital-
izations within our institution, as this was based solely on the
available clinical records. Another limitation was the inclu-
sion of patients from April 2020, before the availability of
COVID-19 vaccines, which may have influenced the com-
parison of outcomes between vaccinated and unvaccinated
groups.

Furthermore, significant advancements in the understand-
ing and management of COVID-19 occurred during the
study period from April 2020 to December 2021. These
advancements, including improved clinical protocols, corti-
costeroids, and antiviral treatments, could have contributed
to better patient outcomes independent of vaccination

status.!®?0 Therefore, these temporal changes in treatment
strategies might confound the observed protective effect of
vaccination on AKI and mortality. Future studies should con-
sider a narrower timeframe or stratified analysis to account
for these rapid developments in COVID-19 management.
Finally, there was an imbalance in baseline comorbidities
between the vaccinated and nonvaccinated groups, with the
vaccinated patients exhibiting higher rates of hypertension,
diabetes, and CKD. These preexisting conditions are known
risk factors for more severe AKI. They may have contributed
to the observed increase in stage 3 AKI and the need for KRT
among the vaccinated patients. In addition, the lack of statis-
tical significance in the logistic regression models for stage 3
AKI suggests that the protective effect of vaccination on
severe AKI outcomes should be interpreted with caution.
Future studies should consider adjusting for these comor-
bidities more robustly to isolate the impact of immunization
on AKI severity.

Conclusions

In conclusion, in this case-control study of hospitalized
patients with AKI and severe COVID-19, the application of
at least 1 dose of the SARS-CoV-2 vaccine was associated
with lower odds for AKI, AKI stage 3 and 28-day mortality,
independently of demographic, clinical, and proinflamma-
tory data.
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