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ABSTRACT

Background. Sotrovimab is a neutralizing monoclonal antibody (mAb) that seems to remain active against recent severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants. The evidence on its use in kidney transplant (KT)
recipients, however, is limited.
Methods. We performed a multicenter, retrospective cohort study of 82 KT patients with SARS-CoV-2 infection
{coronavirus disease 2019 [COVID-19]} treated with sotrovimab.
Results. Median age was 63 years. Diabetes was present in 43.9% of patients, and obesity in 32.9% of patients; 48.8% of
patients had an estimated glomerular filtration rate under 30 mL/minute/1.73 m2. Additional anti–COVID-19 therapies
were administered to 56 patients, especially intravenous steroids (65.9%). Sotrovimab was administered early (<5 days
from the onset of the symptoms) in 46 patients (56%). Early-treated patients showed less likely progression to severe
COVID-19 than those treated later, represented as a lower need for ventilator support (2.2% vs 36.1%; P < .001) or
intensive care admission (2.2% vs 25%; P = .002) and COVID-19–related mortality (2.2% vs 16.7%; P = .020). In the
multivariable analysis, controlling for baseline risk factors to severe COVID-19 in KT recipients, early use of sotrovimab
remained as a protective factor for a composite outcome, including need for ventilator support, intensive care, and
COVID-19–related mortality. No anaphylactic reactions, acute rejection episodes, impaired kidney function events, or
non-kidney side effects related to sotrovimab were observed.
Conclusions. Sotrovimab had an excellent safety profile, even in high-comorbidity patients and advanced chronic
kidney disease stages. Earlier administration could prevent progression to severe disease, while clinical outcomes were
poor in patients treated later. Larger controlled studies enrolling KT recipients are warranted to elucidate the true
efficacy of monoclonal antibody therapies.

GRAPHICAL ABSTRACT

Keywords: COVID-19, immunosuppression, kidney transplantation, monoclonal antibodies, mortality

INTRODUCTION

Kidney transplant (KT) recipients have a greater risk of se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection {coronavirus disease 2019 [COVID-19]} [1, 2]. Despite

subsequent doses of mRNA vaccine, a significant number of KT
patients do not develop an adequate humoral immune response
[3, 4]. Thus, COVID-19 breakthrough infections and mortality
are still markedly high [1, 2, 5, 6]. Therefore, it is necessary to
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implement alternative strategies to protect KT recipients from
severe COVID-19 as well as new therapies against the virus.

Neutralizing monoclonal antibodies (mAbs) directed at
SARS-CoV-2 spike proteins have emerged as a new approach
to reduce viral load and mitigate the risk of COVID-19 progres-
sion to severe disease [7]. Various formulations have become
available in recent months, but most have shown poor efficacy
against the new SARS-CoV-2 strains [8]. Sotrovimab has been de-
signed to bind a more conserved region of the receptor-binding
domain. Consequently, its potential to remain active against
new variants, such as omicron, is greater [9].

Despite solid organ transplant (SOT) patients being consid-
ered eligible for mAb therapies, they were not included in the
early clinical trials [9]. Some observational studies have reported
the experience using bamlanivimab, bamlanivimab-etesevimab,
and casirivimab-imdevimab in SOT recipients [10–16]. Notwith-
standing, there are no large series on the effectiveness and
safety of sotrovimab. To date, an isolated clinical case and lim-
ited case series have reported favorable results [17–20]. Similar
good clinical outcomes were communicated by Chavarot et al.
[20] in 25 KT patients compared with controls and by Fernandes
et al. in 31 KT recipients [21]. Therefore, we aimed to analyze the
outcomes of a national cohort of COVID-19–positive KT patients
in Spain treated with this mAb.

MATERIALS AND METHODS

Study design and participants

Sotrovimab was approved in Spain in December, 2021 [22]. We
performed a multicenter, retrospective cohort study of KT pa-
tients with SARS-CoV-2 infection treated with sotrovimab in
Spanish centers according to the Spanish Agency of Medicines
and Medical Devices (AEMPS) and the European Medicines
Agency criteria [23,24]. In its indication, sotrovimab is preferably
administered within 5 days of the onset of symptoms for treat-
ing COVID-19 in adults and adolescents (≥12 years of age and
weighting at least 40 kg) with negative SARS-CoV-2 serologywho
do not require supplemental oxygen and who are at increased
risk of the disease becoming severe. SOT recipients are included
among these patients [23,24]. The absence of hospitalization is
not considered a criterion for its use. Special authorization may
also be requested for its use in patients with severe COVID-19
who present with negative SARS-CoV-2 serology or in the con-
text of a nosocomial outbreak [23]. In high-risk patients, such
as SOT recipients with moderate to severe disease, the need for
supplemental oxygen is not amandatory requirement according
to the AEMPS criteria [24].

The analyzed period was from December 1, 2021, to February
28, 2022. During the study period, the predominant variant in
Spain was omicron BA.1 in more than 95% of the cases of SARS-
CoV-2 infection. In February 2022, the first cases of BA.2 were
detected, and this lineage spread rapidly until it became respon-
sible for 20% of infections reported at the end of that month [25].
All centers of the Transplant Working Group of the Spanish So-
ciety of Nephrology (SENTRA) who had prescribed sotrovimab to
KT recipients were invited to participate.

Variables collected and definitions

Data included information about demographics, comorbidities,
transplant characteristics, and immunosuppressive treatment.
Hypertension and diabetes were considered when the patient
required treatment for these diseases. Chronic kidney disease

(CKD) was defined as an estimated glomerular filtration rate
(eGFR) under 60ml/minute/1.73m2.The eGFRwas calculated us-
ing the four-variable Modification of Diet in Renal Disease equa-
tion. More detailed epidemiologic and clinical data pertaining
to COVID-19 were also required: diagnosis date, symptoms, oxy-
gen saturation, and lymphocyte count at diagnosis; SARS-CoV-
2 serology; other anti–COVID-19 therapies; hospitalization; and
outcomes.

In all cases, serology was immediately requested before
sotrovimab administration. Commercial assays for COVID-19
serology used by the centers appear in supplementary Table S1.
All assays were approved by the Spanish Ministry of Health.
Serology was considered negative if antibody titers against the
spike protein were below the threshold or in the gray zone
(undetermined), according to the manufacturer of the test. Hos-
pitalization was indicated according to the Spanish guidelines
for COVID-19 clinical management [26]. In addition, inmost cen-
ters, patients with an indication for sotrovimab treatment were
admitted because of the impossibility of administering the drug
on an outpatient basis and because they usually presented with
high-risk comorbidities. Therefore, hospitalization was not con-
sidered an indicator of disease progression. Outcomes were as-
sessed as the need for mechanical ventilation or intensive care
and COVID-19–related mortality.

To analyze safety outcomes, we collected adverse effects re-
lated to the sotrovimab infusion, acute rejection episodes, other
episodes of acute kidney injury, and other non-kidney adverse
events likely related to sotrovimab. Acute rejection was defined
by histological findings or if the patient required empirical an-
tirejection treatment for clinical suspicion. The criteria from
the Kidney Disease: Improving Global Outcomes (KDIGO) clin-
ical practice guideline were applied to define acute kidney in-
jury [27]. All eligible patients were approached for discussion
about potential benefits and adverse reactions. For patients who
agreed, the drug was requested from the AEMPS electronically
and administered in less than 24 hours. The dose was 500 mg
administered as a single intravenous infusion over 30 minutes
[24]. Patients were monitored for at least 1 hour after infusion
for related adverse effects.

Immunosuppression management after the COVID-19 diag-
nosis was similar in all centers. Antimetabolite drugs were with-
drawn for 7 to 14 days after the onset of symptoms or reduced
in high-immunologic-risk patients. Calcineurin inhibitor doses
were decreased only in severely ill patients [28,29].

The study was conducted according to the guidelines dic-
tated by the Declaration of Helsinki. Approval was granted by
the Ethical Committee of Puerta del Mar Hospital.

Statistical analyses

Categorical variables were summarized as number and percent-
age and compared using the Fisher exact test or χ2 test, as
appropriated. Continuous variables were presented as median
with interquartile range, and the Mann-Whitney U test was
used to compare groups. A composite outcome was defined as
the need for ventilator support or intensive care or COVID-19–
related death. Multivariable logistic regression was performed,
including baseline recipient risk factors to severe COVID-19 and
time from the onset of symptoms to sotrovimab infusion. Co-
morbidities already assessed using the Charlson Comorbidity
Index were not included in the multivariable model. We used
SPSS software, version 25.0 (SPSS Inc.) for statistical analysis.
P < .05 was considered statistically significant.
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RESULTS

During the period of the study, 82 KT recipients with SARS-CoV-
2 infection were treated with sotrovimab in 22 Spanish cen-
ters. Genotype assessment was conducted in 41 patients. Omi-
cron variant was detected in 40 cases (97.5%). A patient who ac-
quired the SARS-CoV-2 infection by early December 2021 pre-
sented with delta. We did not have data on the lineages of the
omicron variant.

Median follow-up was 51 days (minimum, 17 days). Table 1
summarizes baseline characteristics and outcomes. Patients in-
cluded were older than 18 years, and the median age was 63
years. The median time after KT to COVID-19 diagnosis was 47
months. Three patients became infected during the first month
after KT (4, 5, and 17 days after KT) and received sotrovimab
in the first 5 days from the onset of symptoms, with recovery
in all cases. Without considering CKD, 91% of patients had at
least one comorbidity listed in Table 1, and 80% had 2 or more.
Furthermore, 86.6% had CKD, and 48.8% had an eGFR under
30 mL/minute/1.73 m2. Tacrolimus-based immunosuppression
was the most common drug combination. Respiratory symp-
toms were the most frequent COVID-19–related symptoms, and
64.6% of patients had pneumonia.Most recipientswere hospital-
ized (81.7%). Eight patients were admitted only for sotrovimab
infusion. Ventilatory support was needed for 17% of patients,
and 12% required intensive care unit (ICU) admission.Additional
anti–COVID-19 therapieswere administered to 56 patients, espe-
cially intravenous steroids (65.9%). No patient received another
mAb therapy. Seven recipients died from COVID-19 (8.5%). These
patients were older and had more comorbidities, especially car-
diovascular disease. They presented with more severe COVID-
19 and with a higher incidence of pneumonia. The patients
who died had received sotrovimab later than the patients who
recovered.

Most patients had been vaccinated with mRNA vaccines,
with a median (interquartile range) time of 130 (106–150) days
since the last dose of vaccine. More than 85% had received three
doses before their COVID-19 diagnosis. Nevertheless, SARS-CoV-
2 serology was negative in 74 patients. In the remaining eight
cases, the immune response was low (anti–spike antibody titers
<100 binding antibody units/mL), so the drug administration
was approved by the AEMPS.

The median time from onset of symptoms to sotrovimab in-
fusion was 5 days. Two patients presented with adverse events
related to the infusion: one of them with low-grade fever and
the other with headache that resolved with a dose of ac-
etaminophen. No anaphylactic reactions were observed. No pa-
tients experienced acute rejection episodes, other impaired kid-
ney function events, or non-kidney side effects related to sotro-
vimab. Nine patients had impaired kidney function events af-
ter sotrovimab infusion {median [interquartile range], 13.5 [6.75–
26] days}, considered by the investigators to be unrelated to the
drug: Eight patients developed acute kidney injury in the setting
of severe COVID-19, and one patient presented with an episode
of obstructive uropathy.

We compared all the variables listed in Table 1 according to
the time from the onset of symptoms to sotrovimab adminis-
tration. The differences between the two groups are shown in
Table 2. Patients treated earlier {<5 days from symptom onset;
n = 46 [56%]} tended to be younger, with a lower Charlson Co-
morbidity Index.Maintenance immunosuppressive therapy was
similar, and kidney graft function was significantly better. The
clinical picture of COVID-19 was less severe, as reflected by the
lower incidence of respiratory and gastrointestinal symptoms,

hypoxemia, lymphopenia, and pneumonia as well as the lower
need for ventilatory support and admission to the ICU. Only one
patient progressed to severe COVID-19, requiring admission to
the ICU and ultimately death. Patients treated with sotrovimab
later received intravenous steroids and tocilizumab more fre-
quently (P < .001). There was no difference between the two
groups in the treatment with remdesivir {n = 14 [30.4%] in the
early sotrovimab therapy group vs n = 7 [19.4%] in late therapy
group; P = .25}, and the time from the onset of the symptoms to
its administration was also similar {6 [5.5–7.0] vs 6.5 [6.00–7.25]
days; P = .32}. Regarding vaccination status, no differences were
observed. Table S2 summarizes the univariable Cox regression
analysis. In the multivariable analysis, adjusting for baseline re-
cipient risk factors, early use of sotrovimab remained as a pro-
tective factor for the composite outcome (Table 3).

DISCUSSION

We present the first large series to date reporting on the re-
sults sotrovimab use in a national cohort of KT recipients. Un-
like other reports, our study includes older patients,with amean
age over 60 years, and with a high incidence of many other risk
factors for severe COVID-19, such as CKD, diabetes, obesity, and
cardiovascular disease. Despite this, our results illustrate that
sotrovimab has an excellent safety profile. In addition, especially
when the drug is administered in the first few days after the on-
set of symptoms, it seems to show effectiveness and may pre-
vent progression to severe disease in these high-risk patients.

We collected 82 KT recipients from a multicenter, collabo-
rative study. Our results identified that deceased patients were
older and had a higher comorbidity burden, as previously de-
scribed [30]. Additionally, recipients who recovered received
early administration of sotrovimab more often. Based on the
results of the clinical trial COMET-ICE, sotrovimab should be
administered as soon as possible, preferably through the fifth
day after the onset of symptoms [9]. Thus, the early adminis-
tration of sotrovimab will achieve a more rapid decline in vi-
ral load, modulating the development of a systemic inflamma-
tory response and slowing progression to a more severe form
of the disease [7]. In our cohort, KT recipients were more com-
plex than patients included in previous studies with other mAb
therapies [10–16, 18–21]. Probably for this reason,more than half
of them received other anti–COVID-19 therapies in addition to
sotrovimab. Thus, it is not possible to assess the effectiveness
of sotrovimab by itself. Despite the multiple chronic conditions
predisposing patients to severe COVID-19 and the high presence
of hypoxemia and pneumonia, however, only one patient pro-
gressed to severe disease and died in the group that received
early sotrovimab, which could support its use in the first days.
In our experience, controlling for baseline risk factors to severe
COVID-19 in KT recipients, early use of sotrovimab remained as
a protective factor against the need for ventilator support, ICU
admission, and COVID-19–related mortality.

In contrast, the late prescription of sotrovimab has not
proven to be effective in the general population [31], but there are
no specific data on KT recipients. We have detected a negative
evolution in the group treated late: Approximately 30% of pa-
tients required ICU admission and ventilator support, and 16.7%
died. Despite these patients tending to be older and having a
greater comorbidity burden,when we adjusted for these factors,
early administration of sotrovimab remained a protective fac-
tor.Nevertheless, these patients probably presentedwith greater
severity at admission, as reflected by the higher incidence of
hypoxemia. Therefore, we cannot affirm that the late adminis-
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Table 1. Characteristics of kidney transplant recipients receiving sotrovimab and outcomes

All Recovered Dead
Variable (N = 82) (n = 75) (n = 7) P-value

Males, n(%) 44 (53.7) 40 (53.3) 4 (57.1) >.99
Recipient age, median (IQR), years 63 (56–70) 63 (56–69) 72 (69–80) .01
Time after KT to COVID-19, median (IQR),
monthsa

47 (23–113) 44 (22–111) 52 (26–175) .56

Vaccination, n(%) 76 (92.7) 69 (92) 7 (100) >.99
Number of doses of vaccine received .58

Two doses, n(%) 10 (13.2) 10 (14.5) 0 (0)
Three doses, n(%) 66 (86.8) 59 (85.5) 7 (100)

Type of third dose of vaccine .66
mRNA-1273 Moderna, n(%) 47 (69.1) 43 (70.5) 4 (57.1)
BNT162b2 Pfizer-BioNTech, n(%) 21 (30.9) 18 (29.5) 3 (42.9)

SARS-CoV-2 IgG anti-S .36
Negative, n(%) 74 (90.2) 67 (89.3) 7 (100)
Positive (<100 BAU/mL), n(%) 8 (9.8) 8 (10.7) 0

Baseline kidney graft function
sCr, median (IQR), mg/dl 1.9 (1.3–2.7) 1.8 (1.3–2.6) 2.8 (1.7–3.1) .14
ACR, median (IQR), mg/g 37 (3–255) 39 (2–250) 35 (16–970) .54
eGFR, median (IQR), mL/minute/1.73 m2) 31 (19–50) 31.4 (19–52) 20.7 (16–35.2) .11
eGFR 30–59 mL/minute/1.73 m2, n(%) 31 (37.8) 29 (38.7) 2 (28.6) .55
eGFR 15–29 mL/minute/1.73 m2, n(%) 34 (41.5) 30 (40) 4 (57.1)
eGFR <15 mL/minute/1.73 m2, n(%) 6 (7.3) 5 (6.7) 1 (14.3)

Other comorbidities
Recipient age >65 years, n(%) 39 (47.6) 33 (44) 6 (85.7) .04
BMI >30 kg/m2, n(%) 26 (32.9) 23 (31.9) 3 (42.9) .67
Hypertension, n(%) 72 (87.8) 65 (86.7) 7 (100) .58
Diabetesb, n(%) 36 (43.9) 33 (44) 3 (42.9) >.99
Cardiovascular disease, n(%) 22 (26.8) 17 (22.7) 5 (71.4) .01
Cerebrovascular disease, n(%) 7 (8.5) 7 (9.3) 0 (0) .52
Chronic liver disease, n(%) 5 (6.1) 5 (6.7) 0 (0) .63
Chronic lung disease, n(%) 13 (15.9) 12 (16) 1 (14.3) >.99
Active cancer, n(%) 2 (2.4) 2 (2.7) 0 (0) >.99
CCI, median (IQR) 5 (3–6) 5 (3–6) 8 (6.5–9) .005

Prior SARS-CoV-2 infection, n(%) 3 (3.6) 3 (4) 0 .59
Immunosuppressive therapy at COVID-19 diagnosis

Prednisone, n(%) 67 (81.7) 60 (80.0) 7 (100) .34
Tacrolimus, n(%) 79 (96.3) 72 (91.1) 7 (100) >.99
Tacrolimus through, ng/dL 7.1 (6–8.7) 7.1 (5.9–9.1) 6.8 (6–8) .75
Mycophenolate, n(%) 72 (87.8) 65 (86.7) 7 (100) .58
Mycophenolate >1000 mg/day, n(%) 47 (65.2) 43 (66.2) 4 (57.1) .63
mTOR inhibitor, n(%) 7 (8.5) 7 (9.3) 0 (0) .52
Cyclosporine, n(%) 2 (2.4) 2 (2.7) 0 (0) >.99

Immunosuppressive therapy within 2 years before COVID-19 diagnosis
Thymoglobulin, n(%) 10 (12.2) 10 (13.3) 0 (0) .58
Basiliximab, n(%) 6 (7.3) 6 (8) 0 (0) .57
Rituximab, n(%) 2 (2.5) 2 (2.7) 0 (0) >.99

Clinical features
Fever, n(%) 49 (59.8) 44 (58.7) 5 (71.4) .69
Upper respiratory tract symptomsa, n(%) 61 (74.4) 55 (73.3) 6 (85.7) .67
Gastrointestinal symptoms, n(%) 28 (34.1) 23 (30.7) 5 (71.4) .04
Dyspnea, n(%) 45 (54.9) 38 (46.3) 7 (100) .01
Oxygen saturation at admission <95%, n(%) 35 (42.6) 30 (40) 5 (71.4) .43
Pneumonia, n(%) 53 (64.6) 46 (61.3) 7 (100) .04
Lymphopenia, n(%) 62 (76.5) 56 (75.7) 6 (85.7) >.99
Lymphocyte countb, median (IQR), (×103/μL) 400 (200–540) 400 (270–540) 210 (112–315) .05

Time from onset of symptoms to sotrovimab
infusion, median (IQR), days

5 (2–10.2) 4 (2–10) 13 (10–22) .003

Time from onset of symptoms to sotrovimab
infusion <5 days, n(%)

46 (56.1) 45 (60) 1 (14.3) .04

Hospitalized, n(%) 67 (81.7) 60 (80) 7 (100) .34
Additional COVID-19 therapy

Glucocorticoids, n(%) 54 (65.9) 47 (62.7) 7 (100) .08
Tocilizumab, n(%) 17 (20.7) 14 (18.7) 3 (42.9) .15
Remdesivir, n(%) 21 (25.6) 20 (26.7) 1 (14.3) .67

COVID-19 outcomes
Ventilator support, n(%) 14 (17.1) 7 (9.3) 7 (100) <.001
ICU admission, n(%) 10 (12.2) 7 (9.3) 3 (42.9) .03

ACR: albumin-to-creatinine ratio; BAU: binding antibody unit; BMI: body mass index; CCI, Charlson Comorbidity Index; COVID-19: coronavirus disease 2019; eGFR:
estimated glomerular filtration rate; ICU: intensive care unit; IgG: immunoglobulin G; IQR: interquartile range; KT: kidney transplant; mTOR: mammalian target of
rapamycin; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; sCr: serum creatinine.
aCough, sore throat, rhinorrhea, or expectoration.
bOnly included patients with lymphopenia.
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Table 2. Comparison between kidney transplant recipients treated with sotrovimab early from the onset of symptoms and those treated late

≤5 days >5 days
Variable (n = 46) (n = 36) P-value

Recipient age, median (IQR), years 62.5 (52–69) 66.5 (58–72) .07
Baseline kidney graft function
sCr, median (IQR), mg/dL 1.7 (1.2–2.4) 2.4 (1.5–3) .04
eGFR, median (IQR), mL/minute/1.73 m2 35 (21–53) 24 (19–46) .09

Other comorbidities
BMI ≥30 kg/m2, n(%) 11 (24.4) 15 (44.1) .06
Cerebrovascular disease, n(%) 1 (2.2) 6 (16.7) .02
CCI, median (IQR) 4 (3–6) 6 (3–7) .08

Clinical features
Upper respiratory tract symptomsa, n(%) 30 (65.2) 31 (86.1) .03
Gastrointestinal symptoms, n(%) 8 (14.4) 20 (55.6) <.001
Dyspnea, n(%) 15 (32.6) 30 (83.3) <.001
Oxygen saturation at admission <95%, n(%) 10 (21.7) 25 (69.4) .002
Pneumonia, n(%) 18 (39.1) 35 (97.2) <.001
Lymphopenia, n(%) 30 (66.7) 32 (88.9) .02

Time from onset of symptoms to sotrovimab infusion, median (IQR), days 2 (1–4) 11.5 (8–17.7) <.001
Hospitalized, n(%) 31 (67.4) 36 (100) <.001
Additional COVID-19 therapy
Glucocorticoids, n(%) 23 (50) 31 (86.1) .001
Tocilizumab, n(%) 3 (6.5) 14 (38.9) <.001

COVID-19 outcomes
Ventilator support, n(%) 1 (2.2) 13 (36.1) <.001
ICU admission, n(%) 1 (2.2) 9 (25) .002
Dead, n(%) 1 (2.2) 6 (16.7) .02

All the variables analyzed in Table 1 were compared. Only those with P < .1 are shown. BMI: body mass index; CCI: Charlson Comorbidity Index; COVID-19: coronavirus
disease 2019; eGFR: estimated glomerular filtration rate; ICU: intensive care unit; IQR: interquartile range; sCr: serum creatinine.
aCough, sore throat, rhinorrhea, or expectoration.

Table 3. Multivariable logistic regression focused on recipient risk factorsa

Variable OR (95% CI) P-value

Male 1.291 (0.185–9.016) .797
Recipient age 1.138 (1.002–1.291) .046
CCI 0.729 (0.416–1.277) .269
BMI, kg/m2 0.887 (0.691–1.139) .348
KT vintage, days 1.000 (1.000–1.000) .886
Mycophenolate ≥1000 mg/day 0.217 (0.029–1.639) .139
Polyclonal and/or monoclonal immunosuppressive antibodies in the past 2 yearsb 0.507 (0.010–26.383) .737
Sotrovimab administration ≤5 days from onset of symptoms 0.026 (0.002–0.346) .006

aFor the composite outcome defined as the need for ventilator support, intensive care, or COVID-19–related death. BMI: body mass index; CCI: Charlson Comorbidity

Index; CI: confidence interval; COVID-19: coronavirus disease 2019; KT: kidney transplant; OR: odds ratio.
bThymoglobuline, basiliximab, and rituximab.

tration of sotrovimab was the only cause of the differences in
the outcomes. In any case, results have been poor in this group,
which is consistent with the lack of efficacy of the treatment in
the most advanced stages of the disease reported in previous
clinical trials [31].

We observed an excellent drug tolerance in our KT recip-
ients. The safety of this drug should be highlighted because,
unlike other SOTs, impaired kidney function may limit the ad-
ministration of some treatments for COVID-19 in KT recipi-
ents. One of the most widely used drugs against SARS-CoV-
2 infection, remdesivir, was contraindicated in patients with
an eGFR under 30 ml/minute/1.73 m2. Despite safe experiences
in KT recipients, reports are limited in this population, espe-
cially among those with advanced CKD, and may not be autho-
rized by the drug agencies [32]. Nirmatrelvir/ritonavir has been

shown to reduce the risk of hospitalization or death, but its
use is still limited in KT patients for several reasons [33]. Riton-
avir is a potent cytochrome P450 (CYP) 3A and P-glycoprotein
inhibitor, producing strong pharmacological interactions with
the usual immunosuppressive treatment. Nirmatrelvir/ritonavir
prescription may also be limited by the difficulty of monitoring
trough levels of calcineurin inhibitors in COVID-19–positive out-
patients. Furthermore, in patients withmoderate kidney impair-
ment (eGFR ≥30 to <60 mL/minute/1.73 m2), the dose of nirma-
trelvir/ritonavir must be reduced (with a dose adjustment not
clinically tested), and it is not recommended when eGFR is un-
der 30mL/minute/1.73m2. In patientswith grade 4 or 5 CKD,only
sotrovimab and another antiviral, molnupiravir, are approved in
Europe, but this drug has shown significantly less effectiveness
than sotrovimab in recent data from the omicron era [34].
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Information about sotrovimab safety in CKD is based only
on pharmacokinetic analyses in patients with mild or moder-
ate kidney impairment [23]. Data on its real-world safety in KT
recipients with CKD have not been reported until now. Among
our patients, 86% had CKD, and almost half of them had an
eGFR under 30 mL/minute/1.73 m2. No differences were noted
in safety and clinical course according to eGFR, suggesting that
sotrovimab is a valid therapeutic option in KT patients with
advanced CKD.

The omicron variant is resistant against most currently de-
veloped mAb therapies. In contrast, sotrovimab may have a
higher barrier to this resistance as a result of targeting a pan-
sarbecovirus epitope [9]. Nonetheless, the efficacy of sotrovimab
against omicron subvariant BA.2 is under research. Although in
vitro studies suggest that sotrovimab has less neutralizing ac-
tivity against omicron BA.2, the effects in vivo remain largely
unknown [35]. MAbs might act in vivo through a combination
of mechanisms that are not fully reflected by in vitro neutral-
ization potency assays. Recently reported data in preprint lit-
erature reveal that despite the diminished neutralizing activ-
ity, sotrovimab treatment reduced viral RNA and proinflamma-
tory cytokine levels in the lung of BA.2-infected mice substan-
tially, showing resilience against emerging SARS-CoV-2 strains
[36]. Furthermore, the researchers observed that sotrovimab pro-
tection in vivo was mediated at least in part by the effector Fc
function interactions. Consistent with these results, Kawaoka
et al. also reported that the drug can restrict viral infection in the
respiratory organs of hamsters with BA.2 [37]. Another preprint
report based on learning models also concludes that the drug
would not be significantly affected by omicron BA.1 and BA.2
variants [38]. Nevertheless, the US Food and Drug Administra-
tion communicated a fewweeks ago that sotrovimab is no longer
authorized because the proportion of COVID-19 cases caused by
the BA.2 variant is above 50% in the United States [39]. The new
mAb bebtelovimab, not authorized in Europe, is a hopeful al-
ternative because it seems to remain active in vitro against all
omicron subvariants, but there are no clinical efficacy data from
placebo-controlled trials evaluating its use in patients who are
at high risk of progressing to severe COVID-19 [40]. In Europe,
the European Medicines Agency has maintained the authoriza-
tion of sotrovimab because the clinical relevance of the observed
decrease in in vitro neutralization against omicron BA.2 is not
known and, on May 6, 2022, has updated the product informa-
tion [24].

Our study presents some limitations. It is a retrospective
analysis, with the inherent biases of these studies. Second, we
did not have a control group of untreated patients. All the par-
ticipating centers had applied the Spanish treatment guidelines
for COVID-19 in high-risk patients since approval of the drug in
Spain, so it was not possible to have this control group [22]. Com-
parison should not be made with KT patients before sotrovimab
approval because the epidemiologic situation and vaccination
status were different. This homogenous cohort of seronegative
individuals, however, provides a unique picture of progression
risk among those lacking humoral immunity. Finally, a signif-
icant proportion of patients received other treatments against
SARS-CoV-2 infection. For all these reasons, we cannot evalu-
ate the effectiveness of the drug. We have, however, collected
themost extensive clinical experience in KT recipients with this
mAb, and we have observed that it can be a safe therapy. Finally,
sotrovimab could be a replacement for other mAbs with greater
efficacy against the new strains.Nevertheless, the knowledge ac-
quired about this drug could guide the use of other mAbs in the
setting of these high-risk patients.

CONCLUSION

Our multicenter study supports the safety of sotrovimab in KT
recipients with COVID-19, even in high-comorbidity patients
and those with advanced-stage CKD. Patients treated early were
unlikely to progress to severe COVID-19, while clinical outcomes
were poor in those treated later. Therefore, our experience re-
inforces the importance of an early diagnosis in these patients
with a high rate of nonresponse to vaccines. It is necessary, how-
ever, to foster larger randomized clinical trials enrolling SOT re-
cipients to elucidate the true effectiveness of mAb therapies in
this highly vulnerable population.
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