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There is global concern about outcomes after COVID-19 
in kidney transplant recipients. To date, large cohort stud-
ies have shown higher rates of AKI and mortality in kid-
ney transplant recipients who developed COVID-19 than in 
the general population, however it is still debated whether 
the immunological response associated with SARS-CoV-2 
infection and/or the immunosuppressive modifications 
increase the risk of rejection [1, 2].

Since the beginning of the COVID-19 pandemic, the 
decrease in, and withdrawal of immunosuppressors, particu-
larly in severe cases, has been a common practice. However, 
these strategies are not risk-free [3, 4].

We evaluated the presence of de novo donor specific 
antibodies (dnDSAs) and kidney biopsies in a group of 
kidney transplant recipients after recovering from COVID-
19. Twenty kidney transplant recipients followed-up at the 
National Institute of Cardiology in Mexico City, with a fol-
low-up of at least 4 weeks after COVID-19 diagnosis, and 
with eGFR > 20 ml/min/1.73  m2 before COVID-19 diagnosis 
were included. Four weeks after COVID-19 diagnosis, anti-
HLA antibodies and kidney graft biopsy were performed 
(Fig. S1).

Detection and characterization of anti-HLA antibodies 
were performed using Single Antigen Flow Beads assays 
(LSA class I and class II, Immucor, Norcross, GA). Luminex 
mean fluorescence intensity (MFI) was measured on a LAB-
scan IS 200, specificities with an MFI ≥ 1000 were consid-
ered positive. De novo DSAs (dnDSAs) were considered 
positive when they had not been identified pre-transplanta-
tion. Kidney biopsy was planned 4 weeks after COVID-19 
diagnosis, however, some biopsies had to be deferred. All 
biopsies were analyzed by a single expert kidney patholo-
gist. Histological lesions were classified according to The 
Banff 2019 Kidney Meeting Report [5].

The baseline characteristics of kidney recipients are 
shown in Table 1. The details concerning clinical presen-
tation are shown in Table S1. In our center, immunosup-
pressive treatment was decreased or withdrawn in 60% of 
patients, and excluding 3 cases, all patients had returned 
to their usual immunosuppressive regimen at the time of 
biopsy. We did not find a different pattern of immunosup-
pressive regimen modification in patients with and without 
rejection (67 vs 57%, P = 0.33).

Thirty percent of patients had no major abnormalities 
in their kidney biopsy, 20% had chronic active antibody-
mediated rejection (ABMR), 15% active ABMR, 20% mixed 
ABMR/ T cell mediated rejection (TCMR), 10% borderline 
for acute TCMR, and 5% chronic active TCMR (Table S2). 
All patients who developed dnDSAs (n = 11) were diagnosed 
with rejection, 27.2% with ABMR, 36.4% mixed ABMR/
TCMR and 36.4% with chronic ABMR.

Among cases diagnosed with rejection, 57% were con-
sidered subclinical. Subclinical rejection was diagnosed in 
all cases borderline for active TCMR and active ABMR, in 
50% of active chronic ABMR, and in 25% of mixed ABMR/
TCMR, while all TCMR and 16.7% of biopsies with no 
major abnormalities had persistent kidney injury at biopsy. 
A detailed description is available in Tables 2 and S3. 
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We found that 70% of patients who recovered from 
COVID-19 had signs of acute rejection in the kidney graft 
biopsy. This high rate of biopsy-proven signs of rejection, 
almost half of which are classified as subclinical rejec-
tions, is a matter of concern. In a cohort of 47 kidney trans-
plant recipients with immunosuppression minimization for 
COVID-19, Pampols et al. reported that none developed 
dnDSAs; however, allograft biopsies were not performed 
[6].

Six of our patients had a history of acute rejection, 
in 3 of them the allograft biopsy revealed chronic active 
ABMR, which may be the evolution of the previous rejec-
tion. However, even excluding these patients, biopsy 
revealed active rejection in 9 patients without a history 
of rejection. It is possible that dnDSAs were present 
before the COVID-19 diagnosis, however 25% of acute 
rejection type 2 were diagnosed within 12 months after 

transplantation, increasing the chance that dnDSAs were 
developed close to COVID-19. As for adherence to immu-
nosuppressive treatment during the SARS-CoV-2 pan-
demic, Aziz et al. reported on kidney recipients without 
a diagnosis of COVID-19 who developed acute rejection 
during the COVID-19 pandemic due to non-adherence and 
loss to follow-up [7]. This possibility cannot be ruled out 
in our series.

Our analysis is preliminary, and the lack of serial biopsies 
and dnDSAs tests does not allow drawing cause-effect con-
clusions; however, within these limits, our findings suggest 
that COVID-19-related immunologic challenge, together 
with the reduction of immunosuppresion may trigger kid-
ney transplant rejection; this should be a warning to trans-
plant centers to monitor allograft dysfunction. Nonetheless, 
stable serum creatinine after COVID-19 infection does not 
exclude ongoing damage to the graft, therefore, a kidney 

Table 1  Baseline characteristics 
of kidney recipients

Values stated in n (%), median (25–75%) or mean ± sd
AZT azathioprine, BMI body mass index, DSA donor-specific antibodies, CKD chronic kidney disease, 
MMF mycophenolate mofetil, MPD methylprednisolone, PD prednisone, PRA panel reactive antibody, 
TAC  tacrolimus

Total
(n = 20)

Without histological 
sign of rejection (n = 6)

With histological 
sign of Rejection
(n = 14)

P value

Age, years 32.5 (30.5–37.5) 32 (31–38) 34 (30–37) 0.97
Females 11 (55) 1 (16.7) 10 (71.4) 0.04
BMI, kg/m2 27 ± 6.4 23.9 ± 4.9 28.5 ± 6.6 0.14
CKD Etiology 0.68
 Unknown 17 (85) 5 (83.3) 12 (85.7)
 Other 3 (15) 1 (16.7) 2 (14.3)

Diabetes 2 (10) 2 (33.3) 0 (0) 0.08
Hypertension 5 (25) 1 (16.7) 4 (28.6) 0.52
Transplant vintage, months 60 (12.5–110.5) 33 (7–75) 66.5 (26–139) 0.32
Deceased donor 8 (40) 2 (33.3) 6 (42.9) 0.55
Retransplant 2 (10) 0 (0) 2 (14.3) 0.48
Pretransplant PRA I, % 0 (0–3) 0 (0–4) 0 (0–2) 0.85
Pretransplant PRA II, % 0 (0–4) 1.5 (0–6) 0 (0–2) 0.59
Preexisting DSA 7 (35) 3 (50) 4 (28.6) 0.34
Induction 0.3
 MPD alone 4 (20) 1 (16) 3 (21.4) 0.66
 MPD + Inh IL-2r 11 (55) 2 (33.3) 9 (64.3) 0.22
 MPD + Thymoglobulin 5 (25) 3 (50) 2 (14.3) 0.13

Maintenance 1
 TAC + MMF + PD 15 (75) 5 (83.3) 10 (71.4)
 CyA + MMF + PD 2 (10) 1 (16.7) 1 (7.1)
 TAC + AZT + PD 2 (10) 0 (0) 2 (14.3)
 AZT + PD 1 (5) 0 (0) 1 (7.1)

Previous rejection 6 (30) 2 (33.3) 4 (28.6) 0.61
Previous rituximab 6 (31.6) 1 (20) 5 (35.7) 0.48
Baseline Cr, mg/dl 1.6 (1.2–2) 1.5 (1.3–2.1) 1.7 (1.1–1.9) 0.84
Non-adherence 5 (25) 1 (16.7) 4 (28.6) 0.52
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biopsy should be considered. Further studies are needed to 
confirm these concerning findings.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40620- 021- 01192-x.
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Table 2  Characteristics at kidney graft biopsy and pathological diag-
nosis

Values stated in n (%), median (25–75%) or mean ± sd
Δ delta, ABMR antibody mediated rejection, COVID-19 coronavirus 
disease-19, sCr serum creatinine, DSA donor-specific antibodies, 
MMF mycophenolate mofetil, PRA panel reactive antibody, TCMR 
T-cell mediated rejection

Patients n = 20

Months after COVID-19 2 (1.4–3.5)
sCr at biopsy, mg/dL 1.5 (1.4–2.4)
Δ sCr, basal-biopsy, mg/dL 0.7 (0.2–1.3)
Δ sCr, COVID diagnosis-biopsy, mg/dL − 0.28 (− 1.1 to + 0.02)
Persistent kidney dysfunction 7 (35)
Tacrolimus, ng/ml 6.4 (5.2–7.6)
PRA I, % 4 (0–17)
PRA II, % 10 (2–19)
De novo DSA 11 (55)
 Class I 2 (10)
 Class II 6 (30)
 Class I & II 3 (15)

Kidney biopsy
Glomeruli 21 (10–27)
Diagnosis
 No major abnormalities 6 (30)
 Borderline for acute TCMR 2 (10)
 Chronic active TCMR 1 (5)
 Active ABMR 3 (15)
 Mixed ABMR/TCMR 4 (20)
 Chronic active ABMR 4 (20)
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