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Global evidence on the association between vaccines and renal adverse events (AEs) is inconclusive.

This pharmacovigilance study analyzed a total of 120,715,116 reports from VigiBase collected between
1967 and 2022. We evaluated the global reporting of acute kidney injury (AKI), glomerulonephritis

(GN), and tubulointerstitial nephritis (TIN) and assessed disproportionate signals between vaccines and
renal AEs using reporting odds ratios (ROR) and the lower limit of the 95% confidence interval of the
information component (IC;,.) in comparison with the entire database. The number and proportion of
reports on AKI, GN, and TIN gradually increased, with a substantial increase after 2020. Disproportionate
reporting of AKI was significant for COVID-19 mRNA vaccines (ROR, 2.38; IC,,, 1.09). Fourteen vaccines
were significantly disproportionate for higher GN reporting, and the highest disproportionality for GN
reporting was observed for COVID-19 mRNA (ROR, 13.41; IC,, 2.90) and hepatitis B vaccines (ROR,
11.35; IC,., 3.18). Disproportionate TIN reporting was significant for COVID-19 mRNA (ROR, 2.43; IC, .,
0.99) and human papillomavirus (ROR, 1.75; IC,, 0.19) vaccines. Significant disproportionality in the
reporting of AKI, GN, and TIN was observed in patients exposed to multiple vaccines, including COVID-19
mRNA vaccines, alongside increasing global reports of vaccine-associated renal AEs.

Keywords Acute kidney injury, Glomerulonephritis, Pharmacovigilance, Tubulointerstitial nephritis,
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AKI  acute kidney injury

GN glomerulonephritis

IQR  interquartile range

TIN  tubulointerstitial nephritis
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Vaccination is a crucial strategy for preventing life-threatening infectious diseases'. Vaccines protect not only the
vaccinated individual but also contribute to the health of the wider community, including the unvaccinated?>.
This instrumental benefit has led to the introduction of vaccination programs on a global scale, and several
countries have implemented compulsory vaccine programs to promote public health?. Vaccination is particularly
critical for protecting individuals who cannot develop an adequate immune response, such as those receiving
immunosuppressive therapies or living with impaired immune system. Achievement of widespread immunity
ensures that these vulnerable populations are shielded from severe infectious disease™°. The COVID-19
pandemic further highlighted the importance of vaccines, and the successful deployment of numerous vaccines
has stimulated new technologies in vaccine development’™. Overall, vaccines play a critical role in clinical
practice as a means of reducing the burden of disease in both individuals and communities.

Despite the extensive evidence supporting the benefits of vaccines, numerous studies have reported that
vaccines may be associated with several adverse reactions’~®. Subsets of these adverse reactions were unexpected
and not included in the safety profiles of sequential clinical trials'’. Reports indicate that immunologic response
following vaccination can lead to myocarditis, arthritis, encephalomyelitis, autoimmune disease, and renal
adverse events (AEs)!!"13. Acute kidney injury (AKI), glomerulonephritis (GN), and tubulointerstitial nephritis
(TIN) have been identified as representative manifestations of vaccine-associated renal injury'*-!°. However,
renal AEs are often considered to be incidental or occasional findings. Uncertainty exists whether vaccinations
are significantly associated with renal injury compared to other drugs and if vaccines are associated with a higher
reporting of AKI, GN, and TIN.

Our study aimed to define and stratify vaccines with signals for renal injury using VigiBase, the World Health
Organization (WHO) global pharmacovigilance database. To improve patient safety and facilitate monitoring
guidelines after vaccination, we sought to identify which vaccines against several diseases have significant signals
for AKI, GN, and TIN. In addition, we investigated global trends in reporting on vaccine-associated renal injury
over time and across regions.

Materials and methods

Data sources

This global pharmacovigilance study examined adverse drug reactions reported in VigiBase, a WHO
deduplicated database of individual case safety reports!”!%. The database collects adverse drug reaction reports
from over 150 countries, covering 25,000 drugs and vaccines, and contains 120,715,116 reports submitted from
national pharmacovigilance centers starting from 1967. Physicians, pharmacists, healthcare professionals, and
patients spontaneously submit reports, which are checked for quality, regularly reviewed, and analyzed based
on predefined criteria!”'%. AEs were coded into preferred terms using the Medical Dictionary for Regulatory
Activities (MedDRA). The data from Vigibase were anonymized, and this study was conducted in accordance
with relevant guidelines and regulations. The institutional review board of the Kyung Hee University Medical
Center approved the use of confidential and electronically processed patient information, and the need to obtain
informed consent was waived by the institutional review board of the Kyung Hee University Medical Center.

Selection of cases

The study examined vaccine-related case reports between 1967 and 2022, and vaccines were classified into 19
categories, namely, (1) diphtheria, tetanus, pertussis, polio, Hemophilus influenzae type b (DTaP-IPV-Hib), (2)
hepatitis A, (3) hepatitis B, (4) rotavirus diarrhea, (5) pneumococcal, (6) influenza, (7) measles, mumps and
rubella (MMR), (8) varicella zoster, (9) human papillomavirus (HPV), (10) meningococcal, (11) tuberculosis,
(12) typhoid, (13) encephalitis, (14) anthrax, (15) cholera, (16) COVID-19 mRNA, (17) adenovirus type-5
(ad5)-vectored COVID-19, (18) inactivated whole virus COVID-19, and (19) other (brucellosis, plague, typhus,
leptospirosis, rabies, yellow fever, smallpox, Ebola, dengue) vaccines. Vaccines were identified using the Level
4 Anatomical Therapeutic Chemical code in the WHO Drug Dictionary. Renal AEs were evaluated for AKI,
GN, and TIN, and all reports of these AEs were retrieved using MedDRA 25.0 preferred terms level. MedDRA
terms used to identify renal AEs are described in Supplementary Table S1. The vaccines are only considered as
“suspected” for the calculation of disproportionate signals for renal AEs based on the WHO causality assessment
recommendations.

Data collection

The study included cases in which vaccine-associated renal AE was suspected and required further identification.
Individual case safety reports contained patient demographic data, including age and sex, and administrative
information, including country of origin, reporter qualifications, date of report, and type of report. The reports
also included drug information and reported reaction information, such as the date of onset of the reaction,
MedDRA classification terms, nature and severity of the AE, and mortality. Time-to-onset refers to the number
of days between the date of vaccination and the date when an AE presented. Each event was characterized as
“serious” or “non-serious” based on the WHO definition!”!. Serious outcome encompassed not recovered/not
resolved, recovered/resolved with sequelae, fatal, or died. Physicians who reported the case clinically determined
the severity of the AE. Concurrent AEs reported with vaccine-associated renal AE were new onset events,
which were associated with vaccine administration. The concurrent AEs were classified using MedDRA terms
(Supplementary Table S2)'°.
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Statistical analysis

The VigiBase dataset was divided into two groups, case and non-case, and the disproportionality signal was
evaluated. Disproportionality analysis involves comparing the proportion of a specific AE reported for a single
drug (vaccine in this study) with the proportion of the same AE reported for a control group of drugs (the entire
database)!'”!8. The total number of reported AEs for each group of drugs served as the denominator in these
analyses. If the proportion of cases with a certain AE is greater in patients taking the specific drug (case) than in
patients exposed to any other drug in the entire database (non-case), a signal of disproportionality association
(signal identification) between the drug and AE was identified.

The following two common pharmacovigilance measures of disproportionate analysis were introduced:
the information component (IC) and reporting odds ratio (ROR). The IC was developed using a Bayesian
confidence propagation neural network, and the Uppsala Monitoring Centre validated it as an indicator
value for disproportionate reporting!”!'%2°. The statistical formula for calculating the IC was as follows:
IC=10g,([N pcerveat0-5] / [Nexpecte 410.5]). N is the expected number of cases for the combination of drug
and AE and was calculated as [N, x N,o /N . N refers to the number of case reports for a certain
AE associated with a specific drug, N drug refers to the number of case reports for a specific drug regardless of
AEs, N_g.  refers to the number of case reports for a given reaction regardless of the drug, and N,  , represents
the total number of case reports in the database. IC , is the lower limit of the 95% confidence interval for IC. A
positive value of IC . is the conventional threshold used to detect statistical signals.

Disproportionate signals were also evaluated using the ROR, which compares the probability of a specific
AE occurring with a targeted drug to the probability of the same event occurring with all other drugs in the
database. The formula for calculating the ROR is as follows: ROR = (a/b)/(c/d), where @’ represents the number
of cases for a certain AE, ‘b’ is the number of cases for all other AEs associated with a specific drug, ¢’ is the
number of all cases for a certain AE not related to a specific drug, and ‘d’ is the number of all cases not related to
the specific AEs and drugs. The lower 95% confidence interval of the ROR greater than 1 indicates a significant
signals between the drug and a certain AE*22,

To assess vaccine-associated renal AEs in age-specific subgroups, we classified the age groups based on the
immunization schedules recommended in WHO and the US Centers for Disease Control and Prevention?.
Characteristics of reports were described as median with interquartile ranges (IQR) for continuous variables,
and numbers and proportions for categorical ones. The ANOVA and y* test were used for comparisons, as
appropriate?’. A two-sided P value<0.05 was considered statistically significant. All analyses were performed
using SAS version 9.4 (SAS Inc., Cary, NC, USA).

expected

Results

Clinical characteristics of vaccine-associated renal AE

The number of vaccine-associated renal AE reports included 5,901 for AKI, 3,312 for GN, and 374 for TIN, out
of the 120,715,116 reports in the complete database (Table 1). The age at onset of AKI was predominantly > 65

AKI GN TIN
(n=5901) (n=3312) (n=374)
Age, yr
0-1 99 (1.7) 91(2.8) 8(2.1)
2-11 33(0.6) 317 (9.6) 4(1.1)
12-17 105 (1.8) 226 (6.8) 39 (10.4)
18-64 1767 (29.9) 1335 (40.3) 181 (48.4)
>65 3092 (52.4) | 566(17.1) 54 (14.4)
Unknown 805(13.6) | 777 (23.5) 88 (23.5)
Sex
Female 2566 (43.5) 1634 (49.8) 196 (52.6)
Unknown 19 (0.3) 28(0.7) 1(0.3)
Study-relation
Study related 48 (0.8) 46 (1.4) 2(0.5)
Non-study related 5852 (99.2) | 3263 (98.5) 372 (99.5)
Unknown 1(0.0) 3(0.1) 0(0.0)

Median (IQR) time-to-onset,d | 3.9 (3.1-4.7) | 9.5(7.2-11.8) | 9.1 (4.5-13.8)

Fatal outcomes

Non-serious 1427 (24.2) | 797 (24.1) 149 (39.8)
Serious 821 (13.9) 958 (28.9) 77 (20.6)
Unknown 3653 (61.9) 1557 (47.0) 148 (39.6)
Single drug suspected 5876 (99.6) | 3312 (100.0) | 374 (100.0)

Table 1. Patient characteristics of reports on vaccine-associated renal adverse reaction. Note: Values are
reported as n (%), or median (IQR).Abbreviations: AKI, acute kidney injury; GN, glomerulonephritis; IQR,
interquartile range; TIN, tubulointerstitial nephritis.
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years, and the onset of GN and TIN was most prevalent between 18 and 64 years of age. More than 99% of
reports originated from the standard of care. The median time (IQR) to onset was 3.9 (3.1-4.7) days for AKI, 9.5
(7.2-11.8) days for GN, and 9.1 (4.5-13.8) days for TIN (P<0.001). Serious clinical outcomes were reported in
13.9%, 28.9%, and 20.6% of patients with AKI, GN, and TIN, respectively (P<0.001).

Figure 1 shows temporal changes in the reported counts and proportions of vaccine-associated renal AEs
relative to all drug-associated renal AEs. The number of reported vaccine-associated AEs for AKI, GN, and
TIN gradually increased over time. The proportions of vaccine-associated AKI, GN, and TIN cases among all
drug-related AEs also increased. Notably, there was a remarkable increase in the number and proportion of
vaccine-associated AEs after 2020. The Americas had the highest reporting of AKI, GN, and TIN, followed by
European regions.

Vaccines and number of reported cases of renal AEs

Figure 2 illustrates the cumulative numbers of AKI, GN, and TIN cases according to the different vaccines. AKI
cases were reported for all vaccines, and GN and TIN cases were reported for 18 and 15 vaccines, respectively.
Before 2020, influenza vaccines had the highest cumulative AKI counts, whereas, after 2020, AKI was most
reported after administration of COVID-19 mRNA vaccines. GN was most commonly reported for influenza,
DTaP-IPV-Hib, hepatitis B, and HPV vaccines, and TIN was most commonly reported for influenza and
HPYV vaccines, before 2020, while after 2020 the highest proportion of cases of GN and TIN were reported for
COVID-19 mRNA vaccines. A similar pattern was observed when the proportion of reported vaccines for each
renal AE was analyzed (Fig. S1).

Vaccines and disproportionate signals of renal AEs

Fifteen of the 19 vaccines were associated with significant disproportionality reporting of renal AEs (Table 2).
COVID-19 mRNA vaccines showed higher reporting of AKI compared with the entire database (ROR, 2.38,
95% CI 2.30-2.46; IC ., 1.09). In the age-specific subgroup analysis, disproportionate signals of COVID-19
mRNA vaccines for AKI reporting were significant in individuals aged 2 years and older (Table S3).

Significant signals for GN reporting was observed with 14 vaccines. Among them, the highest disproportionate
signal for GN reporting was with COVID-19 mRNA (ROR, 13.41, 95% CI 12.62-14.26; IC,., 2.90), and
hepatitis B vaccines (ROR, 11.35, 95% CI 9.69-13.30; IC,., 3.18). In the age-specific subgroup analysis,
COVID-19 mRNA vaccines showed higher reporting of GN in individuals aged 2 years and older, and hepatitis
B vaccines were associated with significant disproportionality of GN reporting in those aged less than 65 years
(Table S4). Multiple vaccines also showed significant disproportionate signals in several age subgroups: age-
specific disproportionality was highest in DTaP-IPV-Hib vaccines among babies aged 0-1 y and persons aged 65

(A) mAKI reporting for vaccines (n = 5,901) mAKI reporting for all drugs (n = 156,099) (B) #GN reporting for vaccines (n = 3,312) mGN reporting for all drugs (n = 18,546) (C) mTIN reporting for vaccines (n = 374)  mTIN reporting for all drugs (n = 16,966)
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Fig. 1. Temporal changes in the reported counts of vaccine- and drug-associated renal adverse events, and a
world map showing reported cases across continents. The reported counts of AKI (A), GN (B), and TIN (C)
are presented over timeframe. The number of each renal AE for vaccines (red bars) and all drugs (blue bars) is
listed, and the proportions of renal AEs among all drug-related AEs are displayed as percentages adjacent to
the red bars. Globally reported counts of AKI (D), GN (E), and TIN (F) are shown across continents. Regions
with higher counts are indicated in red, while those with lower counts are marked in blue. AKI, acute kidney
injury; GN, glomerulonephritis; TIN, tubulointerstitial nephritis.
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Fig. 2. Cumulative counts of AKI (A), GN (B), and TIN (C) reports per year in association with different
vaccines. Other vaccines included brucellosis, plague, typhus, leptospirosis, rabies, yellow fever, smallpox,
Ebola, and dengue vaccines. The COVID-19 vaccine is illustrated separately within the same row because of
its distinct temporal distribution. Ad5, adenovirus type-5; DTaP-IPV-Hib, diphtheria, tetanus, pertussis, polio,

and Hemophilus influenzae type b; HPV, human papillomavirus; MMR, measles, mumps, and rubella. AKI,
acute kidney injury; GN, glomerulonephritis; TIN, tubulointerstitial nephritis

years and older, influenza vaccines among children aged 2-11 y, HPV and COVID-19 mRNA vaccines among
adolescents aged 12-17 y, and hepatitis B vaccines among adults aged 18-64 y.

Significant disproportionality in TIN reporting was found for COVID-19 mRNA (ROR, 2.43, 95% CI 2.11-
2.81; IC s, 0.99), HPV (ROR, 1.75, 95% CI 1.23-2.48; ICy,s 0.19), and other vaccines (ROR, 2.37, 95% CI
1.26-4.10; IC ., 0.08). Age-specific subgroup analysis showed that COVID-19 mRNA and HPV vaccines had
significantly disproportionate signals of TIN reporting among adolescents aged 12-17 y (Table S5).

Clinical characteristics and concurrent renal AEs in vaccines with significant disproportionate
signals of renal AEs

Figure 3 illustrates the overlap between vaccine-associated AKI, GN, and TIN. The highest number of cases
(n=228) were observed with overlapping AKI and GN, followed by overlapping AKI and TIN (n=82) and
overlapping GN and TIN (n=35). COVID-19 mRNA vaccines were the most commonly reported vaccines in
cases where there was an overlap in renal AEs.

The median (IQR) time-to-onset for AKI in association with COVID-19 mRNA vaccines was 1.9 (1.4-2.4)
days, and the associated rate of serious outcomes was 8.9% (Table S6). Neurological events were the most
frequently reported concurrent serious outcome (38.6%), followed by cardiovascular events (coronary, 15.2%;
arrhythmia, 22.9%; heart failure, 28.5%; other cardiac disease, 12.8%) and pulmonary events (33.4%). The
median time-to-onset of GN reporting was 7.2 (4.6-9.9) days for COVID-19 mRNA vaccines and 6.3 (2.0-
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N AKI GN TIN
total | N N
IC (IC,,)* | ROR (95% CI)® IC (IC,,.)* | ROR (95% CI) IC (IC,,.)* | ROR (95% CI)°
observed observed observed

DTaP-IPV-Hib -2.07
vaceines 7,77,222 | 118 -3.03 (-3.33) | 0.12(0.10-0.15) | 215 1.13 (0.90) |2.21 (1.93-2.53) 25 (274) 0.23 (0.16-0.34)
Hepatitis A vaccines 60,558 | 18 -2.04 (-2.83) | 0.24 (0.15-0.38) | 45 2.48 (1.99) |5.91 (4.41-7.91) 9 0.11 (-1.03) | 1.08 (0.56-2.08)
Hepatitis B vaccines 1,09,304 | 40 -1.75 (-2.28) | 0.29 (0.22-0.40) | 155 3.44(3.18) [11.35(9.69-13.3) |0 NA NA
Rotavirus diarrhea -1.58 -1.05
Vaccines 78,971 | 21 -2.20(-2.93) | 0.21(0.14-0.33) | 3 (-3.65) 0.30 (0.10-0.93) 5 (261) 0.46 (0.19-1.11)
5 :Cec‘;r‘g‘;w“al 2,64,284 | 156 -1.07 (-1.34) | 0.47 (0.40-0.55) | 87 1.37 (1.01) | 2.62 (2.12-3.23) 11 -1.68 (-2.7) | 0.30 (0.17-0.55)
Influenza vaccines 3,46,453 | 363 -0.25 (-0.42) | 0.84 (0.76-0.93) | 304 2.78 (2.59) | 7.08 (6.32-7.93) 31 if)i6211) 0.65 (0.46-0.93)
MMR 2,20,053 |12 -4.46 (-5.43) | 0.04 (0.02-0.08) | 85 1.60 (1.24) | 3.07 (2.48-3.8) 4 34757 1) 0.13 (0.05-0.35)
Varicella zoster 2,03,900 | 66 -1.93 (-2.34) | 0.26 (0.20-0.33) | 37 0.52 (-0.03) | 1.44 (1.04-1.99) 5 2_25397 5 0.18 (0.07-0.43)
HPV vaccines 1,29,318 | 40 -1.99 (-2.52) | 0.25(0.18-0.34) | 137 3.03(2.75) |8.47(7.16-10.02) |31 0.79 (0.19) | 1.75 (1.23-2.48)
Meningococcal -2.18
vaccines 1,44,492 | 34 -2.39(-2.96) | 0.19 (0.13-0.26) | 55 1.57 (1.12) | 3.02 (2.32-3.94) 4 (3.94) 0.20 (0.08-0.54)
Tuberculosis vaccines 33,415 | 30 -0.46 (-1.07) | 0.72(0.50-1.03) | 1 :556454) 0.24 (0.03-1.68) 6 0.35(-1.06) | 1.31 (0.59-2.91)
Typhoid vaccines 16,578 | 17 -0.27 (-1.09) | 0.82(0.51-1.33) | 16 2.67 (1.83) |7.66 (4.69-12.51) |3 0.33 (-1.74) | 1.32 (0.42-4.08)
Encephalitis vaccines 19,976 | 16 -0.62 (-1.46) | 0.64 (0.39-1.05) |27 3.19 (2.54) | 10.74(7.36-15.67) |2 &357) 0.73 (0.18-2.91)
Anthrax vaccines 9,923 |2 -2.36 (-4.95) | 0.16 (0.04-0.65) | 10 2.58 (1.51) | 8.00 (4.30-14.87) |0 NA NA
Cholera vaccines 2,310 | 7 1.15(-0.15) | 2.44 (1.16-5.12) | 0 NA NA 0 NA NA
S;C)Zi’rlllzs’lg MRNA 1 35 30,266 | 4,326 1.14 (1.09) | 2.38 (2.30-2.46) | 1,852 2.98 (2.90) | 13.41 (12.62-14.26) | 200 1.22(0.99) |2.43 (2.11-2.81)
Ad5-vectored -0.07
COVID-19 vaccines | 10:73:625 | 530 -0.30 (-0.44) | 0.81(0.74-0.88) | 234 1.58 (1.36) | 3.12 (2.73-3.56) 27 -0.71) 0.95 (0.65-1.39)
Inactivated whole- 103
virus COVID-19 35,287 | 4 -2.28 (-4.05) | 0.19 (0.07-0.50) | 1 (-A81) 0.39 (0.05-2.77) 0 NA NA
vaccines :
Others* 1,78,902 | 101 -1.14 (-1.47) | 0.45 (0.37-0.55) | 48 0.01 (-0.47) | 1.01 (0.76-1.34) 11 1.10 (0.08) | 2.27 (1.26-4.1)

Table 2. Disproportionality analysis of vaccine-associated renal adverse reaction. Note: The numbers in

bold indicate a statistical significance. Abbreviations: Ad5, adenovirus type-5; AKI, acute kidney injury; CI,
confidence interval; COVID-19, coronavirus disease 2019; DTaP-IPV-Hib, diphtheria, tetanus, pertussis, polio
and Hemophilus influenzae type b; GN, glomerulonephritis; HPV, human papillomavirus; IC, information
component; Ntotal, number of case reports for a specific vaccine; Nobserved, number of case reports for a
certain adverse reaction associated with a specific vaccine; MMR, measles, mumps and rubella; NA, non-

available; ROR, reporting odds ratio; TIN, tubulointerstitial nephritis. *A positive value of the IC

025

was

considered significant. ®A lower end of the ROR 95% CI > 1 was considered significant.°Other vaccines
included brucellosis, plague, typhus, leptospirosis, rabies, yellow fever, smallpox, Ebola, and dengue vaccines

12.3) days for hepatitis B vaccines. Reported cases of COVID-19 mRNA and hepatitis B vaccine-associated
GN frequently showed concurrent neurological, osteoarticular and rheumatological manifestations. The rate
of serious outcomes was 25.0% for the COVID-19 mRNA vaccines and 16.8% for the hepatitis B vaccines. The
median onset time for TIN reporting with COVID-19 mRNA vaccines was 2.0 (1.0-2.0) days, and the serious
outcome rate was 23%. Neurological (13.0%) and hyperthermic events (10.5%) were the most common serious
outcomes in these cases. In HPV vaccine-associated TIN reporting, the median time-to-event was 9.7 (4.2-
52.1) days after vaccine administration, with a serious outcome rate of 6.5%. Hyperthermia and ophthalmologic
manifestations were frequently reported in these cases.

Discussion
In this global pharmacovigilance dataset from 1967 to 2022, we observed a gradual increase in the number of
reports of vaccine-associated renal AE over the years, with a sudden increase after 2020. Our analysis identified 15
vaccines with significant disproportionality in the reporting of vaccine-associated renal AEs. COVID-19 mRNA
vaccines were associated with significant disproportionality of AKI reporting. Moreover, we detected multiple
vaccines, including DTaP-IPV-Hib vaccines, Hepatitis A vaccines, Hepatitis B vaccines, Pneumococcal vaccines,
Influenza vaccines, MMR vaccines, HPV vaccines, Meningococcal vaccines, Typhoid vaccines, Encephalitis
vaccines, and Anthrax vaccines, with significant disproportionate signals for GN and TIN reporting.

We determined that the proportional reporting of vaccine-associated renal AEs and proportional reporting
of renal AEs in all pharmacovigilance reports increased over time, highlighting the importance of continuous
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Fig. 3. The overlap between vaccine-associated AKI, GN, and TIN. A total of 228 cases overlapped between
AKI and GN, 82 cases between AKI and TIN, and 35 cases between GN and TIN. In addition, 24 cases
were reported to overlap across all three renal AEs. AKI, acute kidney injury; GN, glomerulonephritis; TIN,
tubulointerstitial nephritis.

pharmacovigilance to detect vaccine-associated and other drug-associated renal AEs. In addition, our study
revealed a substantial increase in vaccine-associated renal AEs after 2020, suggesting a link between global
COVID-19 vaccination and occurrence of renal AEs. The Americas reported the highest number of vaccine-
associated renal AEs, followed by Europe. While this study cannot definitively determine the reasons for
disparities in renal AE reporting across regions, these differences may reflect variations in vaccine accessibility
and uptake, leading to differences in opportunities for AE occurrence and detection, as well as variations in
awareness and practices related to AE reporting?>2°. The disparity may also be attributable to variations in racial
differences, population demographics, patterns of vaccine deployment, and the types of vaccines administered
across regions>’28,

We identified several characteristic findings in the reports of vaccine-associated AKI, GN, and TIN. Most
reports on renal AEs are not related to investigational studies, suggesting that vaccine users may not be pre-
notified of the potential relationship between vaccines and renal AEs%. Our study also found that the median
time from vaccination to onset of renal AEs was 4-10 days, indicating a delay in occurrence of the adverse
effects. In addition, the presence of a 14-29% serious outcome rate in association with vaccine-associated renal
AEs indicates that the importance of managing such events should not be underestimated.

COVID-19 mRNA vaccines were associated with the highest reporting of renal AEs, compared to other
vaccines, as evidenced by significant disproportionality for AKI, GN, and TIN reporting, and the strongest
signal. Additionally, the highest counts of overlapping reporting between AKI, GN, and TIN were observed in
recipients of COVID-19 mRNA vaccines compared to other vaccines, providing valuable insight into potential
drugs to combat renal AEs. Nevertheless, a total of 6,378 renal AEs reported for COVID-19 mRNA vaccines from
VigiBase needs to be considered in the context of more than 13 billion individuals vaccinated. The absolute risk
of renal AEs associated with COVID-19 mRNA vaccines is very small, and recent clinical studies demonstrated
that administering multiple doses of COVID-19 vaccines is beneficial in populations with suboptimal immune
responses™*1-33, It is necessary, therefore, to recognize the significant benefits of COVID-19 vaccines, while the
identification of populations at high-risk of renal AEs remains crucial to enhancing vaccine safety.

We showed that AKI was frequently reported in conjunction with serious neurological and cardiovascular
outcomes following COVID-19 mRNA vaccination. These findings suggest that AKI frequently occurs in the
context of a multi-system disease. Previous reports have also indicated the increased risk of organ injuries,
including myocarditis, arrhythmia, encephalomyelitis, and Guillain-Barré syndrome, from vaccination®-%".
Our study revealed significant disproportionality of TIN reporting with COVID-19 mRNA and HPV vaccines,
especially among individuals aged 12-17 years. These findings imply that COVID-19 mRNA and HPV vaccines
could have immunostimulatory properties that lead to a hypersensitivity reaction in the renal interstitium, and
that adolescents are more susceptible. Our results indicate the need for research to evaluate vaccine-associated
TIN and immunostimulatory properties, focusing on these specific vaccines.

While some reports have suggested the occurrence or relapse of GN after vaccination!*3$4., the rare
incidence of these events failed to provide reliable evidence for an association between vaccination and GNs*2~%4,
We revealed a significant disproportionate signal for GN reporting across multiple vaccines, and that more
vaccines were associated with disproportionality of GN reporting than with AKI and TIN reporting. These
findings suggest that GN is a clinical manifestation with most diverse signals for multiple vaccines and highlights
the emerging role of vaccines in secondary GN*. Our study, together with previous reports, reinforce the
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association between vaccines and GN, indicating the need to assess the risks and benefits of vaccinations in
patients with pre-existing GN or genetic susceptibility to GN.

Our study has several limitations. First, VigiBase lacks laboratory tests or radiological findings relevant to the
reported cases. Therefore, we did not have access to extensive clinical information for vaccine-associated AEs.
Second, it is conceivable that some suspected cases of vaccine-related renal AEs were not reported to VigiBase
because of the observational and discretionary nature of the reporting system. Third, cases where vaccination
did not result in any AEs were not reported in VigiBase, making it challenging to determine the actual incidence
of renal AEs among people receiving vaccinations. To address this limitation, we included extensive reports
of drug-related adverse events aggregated from over 130 countries across a span of more than 50 years, as the
denominator. Furthermore, we employed Bayesian methodology, a validated approach in pharmacovigilance
studies for signal detection, to enhance our analysis?*“S. Finally, the disproportionality analysis allows clinicians
to concentrate on the probability that a drug causes a specific adverse event. This evaluation requires additional
validation and confirmation to determine a causal relationship. In addition, the inclusion of renal AEs in the
package insert or the decrease in the perceived benefits of the vaccine based solely on this study could pose a
significant risk.

Conclusions

In conclusion, our analyses of a global database revealed that the number and proportion of vaccine-associated
renal AE reporting dramatically increased after 2020 and several vaccines were identified that were associated
with significant disproportionality of AKI, GN, and TIN reporting. The COVID-19 mRNA vaccines showed
noticeable signals for AKI, GI, and TIN reporting. We provide a list of vaccines potentially associated with renal
AEs. Further validation studies would improve our understanding of the risk of vaccine-associated renal AEs.

Data availability

All data may be accessible after a detailed request from the Uppsala Monitoring Center, Sweden, following pri-
vacy requirements. The data underlying this article will be shared on reasonable request to the corresponding
author.

Received: 10 September 2024; Accepted: 30 January 2025
Published online: 12 February 2025

References

1. The Lancet Infectious. The imperative of vaccination. Lancet Infect. Dis. 17, 1099. https://doi.org/10.1016/S1473-3099(17)30590-X
(2017).

2. Mallory, M. L,, Lindesmith, L. C. & Baric, R. S. Vaccination-induced herd immunity: successes and challenges. J. Allergy Clin.
Immunol. 142, 64-66. https://doi.org/10.1016/j.jaci.2018.05.007 (2018).

3. Desai, A. N. & Majumder, M. S. What Is Herd Immunity? JAMA 324, 2113 https://doi.org/10.1001/jama.2020.20895 (2020).

4. Gostin, L. O. Law, ethics, and public health in the vaccination debates: politics of the measles outbreak. JAMA 313, 1099-1100.
https://doi.org/10.1001/jama.2015.1518 (2015).

5. Kawabe, M. et al. Booster effect of the third dose of SARS-CoV-2 mRNA vaccine in Japanese kidney transplant recipients. Sci. Rep.
13, 9976. https://doi.org/10.1038/s41598-023-36998-1 (2023).

6. Hamaya, T. et al. Seroprevalence of SARS-CoV-2 spike IgG antibodies after the second BNT162b2 mRNA vaccine in Japanese
kidney transplant recipients. Sci. Rep. 12, 5876. https://doi.org/10.1038/s41598-022-09897-0 (2022).

7. Longhurst, C. A., Kremer, B. & Maysent, P. S. Rapid implementation of a Vaccination Superstation. JAMA 325, 931-932. https://d
oi.org/10.1001/jama.2021.0801 (2021).

8. Polack, E. P. et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl. ]. Med. 383, 2603-2615. https://doi.org/1
0.1056/NEJMo0a2034577 (2020).

9. Kwon, R. & Rahmati, M. Global, regional, and national COVID-19 vaccination rate in 237 countries and territories, March 2022:
a systematic analysis for World Health Organization COVID-19 dashboard, release 2. Life Cycle. 2, el5. https://doi.org/10.54724/1
€2022.e15 (2022).

10. Nakayama, T. Causal relationship between immunological responses and adverse reactions following vaccination. Vaccine 37,
366-371. https://doi.org/10.1016/j.vaccine.2018.11.045 (2019).

11. Kelso, J. M. The adverse reactions to vaccines practice parameter 10 years on-what have we learned? Ann. Allergy Asthma Immunol.
129, 35-39. https://doi.org/10.1016/j.anai.2022.01.026 (2022).

12. Shoenfeld, Y. & Aron-Maor, A. Vaccination and autoimmunity-‘vaccinosis’ a dangerous liaison? J. Autoimmun. 14, 1-10. https://
doi.org/10.1006/jaut.1999.0346 (2000).

13. Dudley, M. Z. et al. The state of vaccine safety science: systematic reviews of the evidence. Lancet Infect. Dis. 20, e80-e89. https://d
0i.org/10.1016/S1473-3099(20)30130-4 (2020).

14. D’Agati, V. D., Kudose, S., Bomback, A. S., Adamidis, A. & Tartini, A. Minimal change disease and acute kidney injury following
the Pfizer-BioNTech COVID-19 vaccine. Kidney Int. 100, 461-463. https://doi.org/10.1016/j.kint.2021.04.035 (2021).

15. Yoon, S. Y., Sung, J. Y., Kim, J. S., Jeong, K. H. & Hwang, H. S. Acute kidney Injury with Endothelial Injury and Podocytopathy
following COVID-19 vaccination. Transplantation 106, e236-e237. https://doi.org/10.1097/TP.0000000000004061 (2022).

16. Zhang,]., Cao, ]. & Ye, Q. Renal side effects of COVID-19 vaccination. Vaccines (Basel). 10. https://doi.org/10.3390/vaccines10111783
(2022).

17. Min, C. The importance of a World Health Organization international pharmacovigilance database (VigiBase): novel methods for
safety monitoring and surveillance of medical products. Life Cycle. 2, e13. https://doi.org/10.54724/1c.2022.e13 (2022).

18. Kim, M. S. et al. Hepatobiliary adverse drug reactions Associated with Remdesivir: the WHO International Pharmacovigilance
Study. Clin. Gastroenterol. Hepatology: Official Clin. Pract. ]. Am. Gastroenterological Association 19, 1970-1972 .e1973 (2021).
https://doi.org/10.1016/j.cgh.2021.04.039

19. Nguyen, L.S. etal. Systematic analysis of drug-associated myocarditis reported in the World Health Organization pharmacovigilance
database. Nat. Commun. 13, 25. https://doi.org/10.1038/s41467-021-27631-8 (2022).

20. Bate, A. et al. A bayesian neural network method for adverse drug reaction signal generation. Eur. J. Clin. Pharmacol. 54, 315-321.
https://doi.org/10.1007/5002280050466 (1998).

21. Salem,].E.etal. Anticancer drug-induced life-threatening ventricular arrhythmias: a World Health Organization pharmacovigilance
study. Eur. Heart ]. 42, 3915-3928. https://doi.org/10.1093/eurheartj/ehab362 (2021).

Scientific Reports |

(2025) 15:5177 | https://doi.org/10.1038/s41598-025-88713-x nature portfolio


https://doi.org/10.1016/S1473-3099(17)30590-X
https://doi.org/10.1016/j.jaci.2018.05.007
https://doi.org/10.1001/jama.2020.20895
https://doi.org/10.1001/jama.2015.1518
https://doi.org/10.1038/s41598-023-36998-1
https://doi.org/10.1038/s41598-022-09897-0
https://doi.org/10.1001/jama.2021.0801
https://doi.org/10.1001/jama.2021.0801
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.54724/lc.2022.e15
https://doi.org/10.54724/lc.2022.e15
https://doi.org/10.1016/j.vaccine.2018.11.045
https://doi.org/10.1016/j.anai.2022.01.026
https://doi.org/10.1006/jaut.1999.0346
https://doi.org/10.1006/jaut.1999.0346
https://doi.org/10.1016/S1473-3099(20)30130-4
https://doi.org/10.1016/S1473-3099(20)30130-4
https://doi.org/10.1016/j.kint.2021.04.035
https://doi.org/10.1097/TP.0000000000004061
https://doi.org/10.3390/vaccines10111783
https://doi.org/10.54724/lc.2022.e13
https://doi.org/10.1016/j.cgh.2021.04.039
https://doi.org/10.1038/s41467-021-27631-8
https://doi.org/10.1007/s002280050466
https://doi.org/10.1093/eurheartj/ehab362
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

22. Salem, J. E. et al. Cardiovascular Toxicities Associated with Ibrutinib. . Am. Coll. Cardiol. 74, 1667-1678. https://doi.org/10.1016/
j.jacc.2019.07.056 (2019).

23. Murthy, N. & Advisory Committee on Immunization Practices Recommended Immunization Schedule for Adults Aged 19 Years
or Older - United States., MMWR. Morbidity and mortality weekly report 71, 229-233 (2022). (2022). https://doi.org/10.15585/m
mwr.mm?7107al

24. Lee, S. W. Methods for testing statistical differences between groups in medical research: statistical standard and guideline of Life
Cycle Committee. Life Cycle. 2, el. https://doi.org/10.54724/1c.2022.e1 (2022).

25. Nabaggala, M. S. et al. The global inequity in COVID-19 vaccination coverage among health and care workers. Int. J. Equity Health.
21, 147. https://doi.org/10.1186/s12939-022-01750-0 (2022).

26. Burki, T. & Global COVID-19 vaccine inequity. Lancet Infect. Dis. 21, 922-923. https://doi.org/10.1016/S1473-3099(21)00344-3
(2021).

27. Hotez, P. J., Nuzhath, T., Callaghan, T. & Colwell, B. COVID-19 vaccine decisions: considering the choices and opportunities.
Microbes Infect. 23, 104811. https://doi.org/10.1016/j.micinf.2021.104811 (2021).

28. Nguyen, L. H. et al. Self-reported COVID-19 vaccine hesitancy and uptake among participants from different racial and ethnic
groups in the United States and United Kingdom. Nat. Commun. 13, 636. https://doi.org/10.1038/s41467-022-28200-3 (2022).

29. Bennett, C. L. et al. Evaluation of serious adverse drug reactions: a proactive pharmacovigilance program (RADAR) vs safety
activities conducted by the Food and Drug Administration and pharmaceutical manufacturers. Arch. Intern. Med. 167, 1041-1049.
https://doi.org/10.1001/archinte.167.10.1041 (2007).

30. Arsenault, C. et al. Health system quality and COVID-19 vaccination: a cross-sectional analysis in 14 countries. Lancet Glob
Health. 12, e156-¢165. https://doi.org/10.1016/s2214-109x(23)00490-4 (2024).

31. Quiroga, B. et al. Humoral response after the fourth dose of the SARS-CoV-2 vaccine in the CKD spectrum: a prespecified analysis
of the SENCOVAC study. Nephrol. Dial Transpl. 38, 969-981. https://doi.org/10.1093/ndt/gfac307 (2023).

32. Hamaya, T. et al. Humoral response to SARS-CoV-2 mRNA vaccine on in ABO blood type incompatible kidney transplant
recipients treated with low-dose rituximab. Sci. Rep. 13, 15098. https://doi.org/10.1038/s41598-023-42406-5 (2023).

33. Windpessl, M. et al. Preventing infections in immunocompromised patients with kidney diseases: vaccines and antimicrobial
prophylaxis. Nephrol. Dial Transpl. 38, ii40-1i49. https://doi.org/10.1093/ndt/gfad080 (2023).

34. Kim, S. Y. & Yeniova, A. O. Global, regional, and national incidence and mortality of COVID-19 in 237 countries and territories,
January 2022: a systematic analysis for World Health Organization COVID-19 dashboard. Life Cycle. 2, e10. https://doi.org/10.54
724/1¢.2022.10 (2022).

35. Barda, N. et al. Safety of the BNT162b2 mRNA Covid-19 vaccine in a nationwide setting. N Engl. J. Med. 385, 1078-1090. https://
doi.org/10.1056/NEJMo0a2110475 (2021).

36. Lamprinou, M., Sachinidis, A., Stamoula, E., Vavilis, T. & Papazisis, G. COVID-19 vaccines adverse events: potential molecular
mechanisms. Immunol. Res. 1-17. https://doi.org/10.1007/s12026-023-09357-5 (2023).

37. Li, X. et al. Association between covid-19 vaccination, SARS-CoV-2 infection, and risk of immune mediated neurological events:
population based cohort and self-controlled case series analysis. BMJ 376 https://doi.org/10.1136/bmj-2021-068373 (2022).
€068373.

38. Ozdemir, S., Bakkaloglu, A. & Oran, O. Nephrotic syndrome associated with recombinant hepatitis B vaccination: a causal
relationship or just a mere association? Nephrol. Dial Transpl. 13, 1888-1889. https://doi.org/10.1093/oxfordjournals.ndt.a027900
(1998).

39. Klomyjit, N. et al. COVID-19 vaccination and glomerulonephritis. Kidney Int. Rep. 6, 2969-2978. https://doi.org/10.1016/j.ekir.20
21.09.008 (2021).

40. Abeyagunawardena, A. S., Goldblatt, D., Andrews, N. & Trompeter, R. S. Risk of relapse after meningococcal C conjugate vaccine
in nephrotic syndrome. Lancet 362, 449-450. https://doi.org/10.1016/s0140-6736(03)14072-x (2003).

41. Yildiz, N. et al. Hepatitis B virus vaccination in children with steroid sensitive nephrotic syndrome: immunogenicity and safety?
Vaccine 31, 3309-3312. https://doi.org/10.1016/j.vaccine.2013.05.004 (2013).

42. Izzedine, H., Bonilla, M. & Jhaveri, K. D. Nephrotic syndrome and vasculitis following SARS-CoV-2 vaccine: true association or
circumstantial? Nephrol. Dial Transpl. 36, 1565-1569. https://doi.org/10.1093/ndt/gfab215 (2021).

43. Angeletti, A. et al. Vaccines and Disease relapses in children with nephrotic syndrome. Clin. J. Am. Soc. Nephrol. 16, 937-938.
https://doi.org/10.2215/CJN.01890221 (2021).

44. Li, N. L, Coates, P. T. & Rovin, B. H. COVID-19 vaccination followed by activation of glomerular diseases: does association equal
causation? Kidney Int. 100, 959-965. https://doi.org/10.1016/j.kint.2021.09.002 (2021).

45. Rasmussen, C. et al. Drug-induced IgA vasculitis in children and adults: revisiting drug causality using a dual pharmacovigilance-
based approach. Autoimmun. Rev. 20, 102707. https://doi.org/10.1016/j.autrev.2020.102707 (2021).

46. Rothman, K. J,, Lanes, S. & Sacks, S. T. The reporting odds ratio and its advantages over the proportional reporting ratio.
Pharmacoepidemiol Drug Saf. 13, 519-523. https://doi.org/10.1002/pds.1001 (2004).

Acknowledgements

The authors would like to thank the Uppsala Monitoring Centre for providing permission to use the data ana-
lyzed in this study. The results and conclusions are those of the authors and not necessarily those of the Uppsala
Monitoring Centre or World Health Organization. Thus, the information does not represent the opinions of
the Uppsala Monitoring Centre or World Health Organization. This work was supported by the Yonsei Fel-
lowship, funded by Lee Youn Jae (JIS). This research was supported by the Information Technology Research
Center (ITRC) program (IITP-2024-RS-2024-00438239), supervised by the Institute for Information & Com-
munications Technology Planning & Evaluation (IITP) and funded by the Ministry of Science and ICT, and
Patient-Centered Clinical Research Coordinating Center (PACEN) funded by the Ministry of Health & Welfare
(RS-2024-00399169), Republic of Korea. The funders played no role in the study design, data collection, data
analysis, data interpretation, or manuscript writing.

Author contributions

Drs. HSH and DKY had full access to all the data in the study and take responsibility for the integrity of the
data and the accuracy of the data analysis. All authors have approved the final version of the manuscript before
submission. Study concept and design: HL, HSH, and DKY; Acquisition, analysis, or interpretation of data:
HL, HSH, and DKY; Drafting of the manuscript: HL, HSH, and DKY; Critical revision of the manuscript for
important intellectual content: all authors; Statistical analysis: HL, HSH, and DKY; Study supervision: HL, HSH,
and DKY. HSH and DKY supervised the study and were guarantors. HSH and HL contributed equally as first
authors. DKY and HSH contributed equally as corresponding authors. The corresponding authors attest that all
listed authors meet the authorship criteria and that no others meeting the criteria have been omitted.

Scientific Reports | (2025) 15:5177 | https://doi.org/10.1038/s41598-025-88713-x nature portfolio


https://doi.org/10.1016/j.jacc.2019.07.056
https://doi.org/10.1016/j.jacc.2019.07.056
https://doi.org/10.15585/mmwr.mm7107a1
https://doi.org/10.15585/mmwr.mm7107a1
https://doi.org/10.54724/lc.2022.e1
https://doi.org/10.1186/s12939-022-01750-0
https://doi.org/10.1016/S1473-3099(21)00344-3
https://doi.org/10.1016/j.micinf.2021.104811
https://doi.org/10.1038/s41467-022-28200-3
https://doi.org/10.1001/archinte.167.10.1041
https://doi.org/10.1016/s2214-109x(23)00490-4
https://doi.org/10.1093/ndt/gfac307
https://doi.org/10.1038/s41598-023-42406-5
https://doi.org/10.1093/ndt/gfad080
https://doi.org/10.54724/lc.2022.e10
https://doi.org/10.54724/lc.2022.e10
https://doi.org/10.1056/NEJMoa2110475
https://doi.org/10.1056/NEJMoa2110475
https://doi.org/10.1007/s12026-023-09357-5
https://doi.org/10.1136/bmj-2021-068373
https://doi.org/10.1093/oxfordjournals.ndt.a027900
https://doi.org/10.1016/j.ekir.2021.09.008
https://doi.org/10.1016/j.ekir.2021.09.008
https://doi.org/10.1016/s0140-6736(03)14072-x
https://doi.org/10.1016/j.vaccine.2013.05.004
https://doi.org/10.1093/ndt/gfab215
https://doi.org/10.2215/CJN.01890221
https://doi.org/10.1016/j.kint.2021.09.002
https://doi.org/10.1016/j.autrev.2020.102707
https://doi.org/10.1002/pds.1001
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-88713-x.

Correspondence and requests for materials should be addressed to H.S.H. or D.K.Y.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:5177 | https://doi.org/10.1038/s41598-025-88713-x nature portfolio


https://doi.org/10.1038/s41598-025-88713-x
https://doi.org/10.1038/s41598-025-88713-x
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Global burden of vaccine-associated kidney injury using an international pharmacovigilance database
	﻿Materials and methods
	﻿Data sources

	﻿Selection of cases
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Clinical characteristics of vaccine-associated renal AE

	﻿Vaccines and number of reported cases of renal AEs
	﻿Vaccines and disproportionate signals of renal AEs
	﻿Clinical characteristics and concurrent renal AEs in vaccines with significant disproportionate signals of renal AEs

	﻿Discussion
	﻿Conclusions
	﻿References


