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ABSTRACT

SARS-CoV-2 infection has had a major impact on dona-
tion and transplantation. Since the cessation of activity two
years ago, the international medical community has rapid-
ly generated evidence capable of sustaining and increasing
this neccesary activity. This paper analyses the epidemiology
and burden of COVID-19 in donation and transplantation,
the pathogenesis of the infection and its relationship with
graft-mediated transmission, the impact of vaccination on do-
nation and transplantation, the evolution of donation in Spain
throughout the pandemic, some lessons learned in SARS-
CoV-2 infected donor recipients with positive PCR and the ap-
plicability of the main therapeutic tools recently approved for
treatment among transplant recipients.
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EPIDEMIOLOGY AND BURDEN OF COVID-19 IN
DONATION AND TRANSPLANT

As in the rest of the population and according to multi-
center studies, the main risk factors for acquisition and poor
outcome after COVID-19 are age over 65 years (OR 6.01) and
comorbid conditions, such as cardiovascular disease (OR 4.58)
or its risk factors (hypertension (OR 2.95), diabetes (OR 3.07),
overweight or smoking (OR 2.04)), chronic obstructive pulmo-
nary disease (COPD) (OR 6.66) or chronic renal failure (OR 5.32)
[1-7].
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A retrospective North American study of 482 solid organ
transplant (SOT) recipients during the first wave (March-May
2020, 50 centers, 66% kidney, 15% liver, 11.8% hearth and
6% lung recipients), revealed a need for hospital admission
of 78%, mechanical ventilation of 27% and mortality of 18%
[8]. In this study, the risk factors mentioned above stood out
significantly. When specifically analyzing the transplantation
process, the worst clinical outcome correlated with lung trans-
plantation and with some immunosuppressive regimens (es-
pecially steroids and anticalcineurin drugs). The COVID-19-in-
fected renal recipients were older than 60 years, 5 or more
years after transplantation, treated with steroids, tacrolimus,
and mycophenolate. Most patients developed pneumonia
(81%) and more than 30% had gastrointestinal symptoms.
Comorbidities, the elderly, those with grafts younger than 1
year and those with graft dysfunction failed worse outcomes.
The infected liver recipients were also older than 60 years. The
main risk factor for mortality was liver cirrhosis in patients
with Child C or MELD = 15, dyspnea and comorbidities (50%-
60%), also immunosuppression with mycophenolate or tac-
rolimus-free regimens. One third developed gastrointestinal
symptoms and one third developed severe COVID-19 (need for
ICU admission, mechanical ventilation, or death). Overall mor-
tality was 20-22%. Lung recipients with COVID-19 developed
acute respiratory distress syndrome in more than half of the
cases (58%) and mortality was 46%, twice as high as in other
solid organ transplants. An Indian cohort with 250 patients [9]
and the Spanish series with 778 solid organ and hematologi-
cal recipients from February to July 2020 [10] showed similar
results (hospital admission 89%, mechanical ventilation 10%,
adult respiratory distress syndrome 36% and mortality 27%).

However, after correction for risk factors associated with
mortality in multivariate analysis, only age over 60 years and
lung transplantation were significantly correlated with prog-
nosis [10]. A French study of 306 kidney transplant recipients
and 795 non-transplant controls again demonstrated no dif-
ference in 30-day mortality, when adjusted for age and co-
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morbidity [11]. A Spanish comparative study between kidney
transplant recipients and non-transplant recipients, which
studied prognostic factors in COVID-19 using a matched pro-
pensity score, showed that neither being transplanted nor
taking immunosuppressants was an independent prognostic
factor. However, age over 65 years, creatinine and CRP levels
during infection were independent prognostic factors [12]. It
is also worth noting that another prognostic factor among
transplant recipients was the time of infection during the pan-
demic. In the Spanish series, as progress was made in under-
standing the virus, its timeline, in optimizing active or useless
drugs, as it could be diagnosed better and earlier, patients were
better placed, admitted less frequently to critical care, suffered
less ADRS and their mortality decreased [10].

Among patients with hematopoietic malignancies undergo-
ing hematopoietic stem cell transplantation (HSCT), the median
time from transplantation to COVID-19 infection was 17 months
for allogeneic HSCT recipients and 23 months for autologous
HSCT recipients. Fifteen percent in both groups developed severe
disease requiring mechanical ventilation. Overall survival for both
groups was 689%. Being aged 50 years or older, being male or de-
veloping COVID-19 infection within 12 months post-transplant
were associated with an increased risk of mortality among allo-
geneic HSCT recipients. A diagnosis of lymphoma was associated
with an increased risk of mortality compared to plasma cell dys-
plasia or myeloma in autologous recipients [13].

PATHOGENESIS OF SARS-COV-2 INFECTION.
RELATIONSHIP TO GRAFT-MEDIATED
TRANSMISSION

At the beginning of the pandemic in 2020, detection of
SARS-CoV-2 RNA by RT-PCR (real time protein chain reaction)
was reported in blood (8-15%) and in feces (50%) of patients
infected by COVID-19. Also, in postmortem studies corona-
virus-like inclusions were found in kidney [14-15]). This trig-
gered a universal fear of transplanting organs from donors
with suspected or confirmed SARS-CoV-2 infection. Eventually
reassuring evidence began to emerge. In China, they detect-
ed viremia in only 0.1% of convalescent COVID blood donors,
being more likely to be detected in those patients with more
severe disease [16]. Also, subsequent studies in cardiac do-
nors with positive PCR at the time of donation failed to detect
SARS-CoV-2 in cardiac tissues [17].

Microbiological studies correlated the time at which the
detectable virus had no infectious capacity in cell cultures [18],
which associated with knowledge of the incubation period and
that of symptoms (only 100 out of every 10,000 cases devel-
oped symptoms after 14 days [19], made it possible to estab-
lish the time of lowest infectious risk in convalescent donors.
Thus, if a donor had died 14-21 days after the onset of symp-
toms, had remained asymptomatic in the last 72 hours and the
result of the molecular study (PCR) against SARS-CoV-2 was
negative, he could be a donor according to the recommenda-
tions of scientific societies, such as the Spanish Transplant Or-
ganization (ONT) [20].

However, in clinical practice, the PCR result could be pos-
itive for more than 3 weeks in convalescent or clinically re-
solved patients. Therefore, it was necessary to discriminate
which PCR amplification cycle (the Ct or “cycle threshold")
could be a surrogate marker of viral viability. In other words,
at what Ct there was no longer any growth or cytopathic ef-
fect in cell cultures. The first studies placed it at 24 [18,19],
although later publications would raise it above 28 [21] and
finally above 30 in lower respiratory samples from patients
hospitalized in the critical care unit [22]. With these two pa-
rameters (more than 14 clinical days and a Ct above 30 in the
PCR study) and considering the limitation generated by the
variability existing between the different studies reported on
infectivity/virulence, the first review study appeared in which
no case of SARS-CoV-2 transmission by cell, tissue or organ
transplantation was documented [23]. Except for the lung and
intestine, some clinical studies, which we will discuss below,
have been able to confirm this.

Finally, two other parameters were also assessed individu-
ally in the transmission risk screening: the clinical category of
severity with which the donor had been infected before death,
classified as mild (at home), moderate (hospitalized medical
wards) or severe (in the critical care unit), and the presence of
IgG antibodies to SARS-CoV-2, which could give an idea of the
immune response.

With the parameters described above and knowing that
more COVID-infected patients with terminal organ failure
were hospitalized and died on the waiting list than transplant
recipients convalescing from the infection [24,25], especially
in the case of liver and kidney transplantation, a justification
was found to reactivate donation and transplantation activity.

IMPACT OF COVID-19 VACCINATION ON
DONATION AND TRANSPLANT

The response to immunization in transplant recipients and
the risk of acquiring infection after transplantation has been
an obsession for transplant teams. Undoubtedly, vaccination
has been able to contain the impact of the pandemic in the
world population and the transplanted population is no excep-
tion. However, the response to immunization is varied depend-
ing on whether we value natural or vaccinal immunization and
whether we focus on the humoral or cellular response.

The natural cellular response (that acquired after infec-
tion) is maintained after transplantation. A small study of 23
infected transplant recipients monitored at 4 and 6 months
maintained TCD4 and TCD8 responses as measured by intracel-
lular cytokine staining [26]. This response was also maintained
in another group of 31 liver transplant recipients who also had
their TCD4 and TCD8 response and fluorospot (IFN- y) deter-
mined [27].

Vaccine immune response in the transplanted patient is
not as consistent. A meta-regression analysis of 27 studies
evaluated the humoral and cellular response in 1,452 renal
transplant patients after vaccination against COVID-19 (all
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were seronegative before vaccination). The humoral response
was significantly lower, with a gradual increase to 29.98% at
week 4 post-vaccination, with the control group maintaining
98%. The cellular response increased from 5% to 59.849%, be-
ing higher than 90% in the control group [28]. Another pro-
spective analysis of the immune response at 6 months in 200
patients undergoing SOT (Liver 61 (30.5%), Kidney 102 (519%),
Lung 37 (18.5%)) versus 200 healthy controls, showed a hu-
moral response of 36% in the transplanted population versus
97.5% in the control population. The cellular response was
performed by measuring interferon-y (IFN-y) after whole
blood stimulation with SARS-CoV-2 S1 antigen. This response
was 13.1% in transplant recipients versus 59.4% in the control
group [29].

The median humoral response, measured by antibody de-
termination after mRNA vaccines (e.g., BNT162b2) was 30%-
40% depending on published series. In renal transplantation
from 30% to 60% [30-32], in liver transplantation from 40%
to 60% [30,33,34] and from 10% to 40% in lung transplanta-
tion [30,35].

Transplant patients were considered a priority in vacci-
nation programs against SARS-CoV-2. In the same way, vac-
cination of patients on the transplant waiting list should be
prioritized, although not delaying a transplant opportunity
because they have not completed a vaccination schedule. Pa-
tients on the transplant waiting list should have their vaccina-
tion schedule updated to the epidemiological situation in their
environment. Vaccination is also indicated in those patients
who have passed COVID-19 or who have a positive serostatus
against SARS-CoV-2. In the case of patients who have passed
the infection (symptomatic or asymptomatic), guidelines indi-
cated by the health authorities should be followed. Vaccina-
tion schedules do not differ from those used in the general
population. These vaccines have proven to be safe, although
they lose effectiveness over time, to a lesser extent than those
of viral vectors, especially against new variants such as omi-
cron [36,37]. This type of RNAm vaccine avoids possible allo-
reactivity phenomena that could have an impact on the trans-
planted organ. Since there are no studies that define the time
of vaccination indication in recently transplanted patients and
by analogy with other vaccination strategies against respira-
tory viruses, vaccination could begin from the first month in
the case of solid organ recipients and between three and six
months in hematopoietic precursor recipients.

Perhaps the most important thing after taking a measure
is to evaluate it. What is the risk of acquiring SARS-CoV-2 in-
fection in vaccinated transplant recipients, and what impact
does it have? An United Kingdom retrospective study evalu-
ated the effectiveness of the vaccine in SOT patients in 43,481
transplant recipients aged 16 years and older with full vacci-
nation schedules between September 2020 and August 2021.
The vaccines included were Pfizer BioNTech (BNT162b2) and
Oxford-Astra-Zeneca (ChAdOx1-S), the predominant variants
in the study were Alpha (B.1.1.7) and Delta (B.1.617.2). Of the
43,481 patients, 3,080 were unvaccinated, 1,141 had 1 dose
and 39,260 had 2 doses. 4147 (9.53%) were infected, 2,575 of

them (83.6%) were not vaccinated, 258 (22.6%) had received
1 dose and 1314 (3.35%) 2 doses. Seventy percent were renal
transplant recipients and infection occurred more than one
year after transplantation. Of those infected, a total of 407
(9.8%) died on day 28, 269 (10.4%) were not vaccinated, 30
(11.6%) had received 1 dose and 108 (8.2%) had received 2
doses. Vaccination resulted in a 20% reduction in the risk of
death in SOT patients (p=0.05) (HR mortality up to day 28 after
infection = 0.80 (0.63 - 1.00)). Although this risk reduction is
significant, it is lower in the unvaccinated population (90%).
Vaccination was not associated with a lower risk of infection
(IRR= 1.29 (1.03 - 1.61)) [38]. Another Greek study evaluated
the clinical outcomes of SARS-CoV-2 infection in relation to
humoral response in fully vaccinated SOT recipients (at least
14 days after second dose). A total of 449 vaccinated SOTs
(with more than one comorbidity, more than one year of
transplantation and their immunosuppressive treatment) were
included. A total of 15 were infected (3.34%) and at that time
6 (40%) were seropositive and 9 (60%) seronegative (< thresh-
old 50 AU/mL). Of the 15 infected 8 were admitted, 7 had se-
vere disease and 2 died [39]. Finally, a third North American,
retrospective multicenter study evaluated the risk of infection
after vaccination and compared it with the general population.
It analyzed 18,215 fully vaccinated SOT patients. A total of 151
(0.83%) were infected, 87 of these (57.6%) required hospi-
talization and 14 (9.3%) died. The conclusion reached by the
authors is that transplant patients have less post-vaccination
protection than the general population and that they should
continue with barrier measures [40]. This condition of lower
protection should have implications for treatment.

EVOLUTION OF DONATION IN SPAIN
THROUGHOUT THE PANDEMIC

As in other countries, the situation of donation and trans-
plantation in Spain changed according to changes in the develop-
ment of the pandemic (waves and variants) and the accumulated
scientific evidence. Thus, 2020 was characterized by diagnosis,
2021 by vaccination and 2022 by the start of treatment.

Between March and December 2020 (first and sec-
ond waves), an increase in the incidence and mortality from
COVID-19 began to be observed worldwide, especially in the
transplanted population. The international medical commu-
nity, concerned about the decrease in healthcare resources
dedicated to care and the fear of transmission during dona-
tion or post-transplant recipient infection, decided to suspend
donation and transplantation. Activity was only maintained
with death brain donors (DBD) or death cardiac donors DCD)
after withdrawing life-staining therapies (WLSTs), in low in-
cidence geographic areas, and after screening with 2 sepa-
rate PCR tests 24-48 hours apart. Uncontrolled DCD (type |I
of Maastricht) was discontinued. Protocols were proposed for
the transport of potential donors between centers looking for
those with lower incidence or greater availability of beds (us-
ing continuous veno-venous haemofiltration techniques, EC-
MO, etc).
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Between January and May 2021 (third and fourth waves)
there were fewer admissions and mortality in transplant recip-
ients with COVID than in the first wave, there was better diag-
nostic capacity, vaccination programs were developed world-
wide, and scientific evidence allows optimization of remdesivir,
dexamethasone, oxygen therapy and anti-inflammatory mon-
oclonal antibodies (tocilizumab, baricitinib). Safety algorithms
began to be generated to weigh the risk of COVID transmission
(intensity of the disease, time to donation, replicative capacity
of the virus at the time of donation measured by the Ct of the
PCR, if positive). All this allowed initiation of DCD and DBD
activity. The uncontrolled DCD remained suspended.

Between June 2021 and March 2022 (fifth and sixth
waves and after) the delta variant was predominant until De-
cember and then omicron subvariants (B.A 1, B.A 2, B.A 4/5).
The infection rate was higher, although with fewer hospi-
talizations due to the lower aggressiveness of the strain and
vaccine implementation (85-90% of the population). The de-
velopment of new antiviral drugs such as molnupiravir and
nirmatrelvir/ritonavir and monoclonal antibodies such as
sotrovimab or casirivimab/imdevimab was completed. The first
series of patients transplanted from donors with positive PCR
appeared, with informed consent and good results, except in
lung transplantation. However, donation and transplantation
took a long time to take off for logistical reasons: numerous
sick leaves and exhausted among healthcare workers due to
work overload, limited availability of beds, the surgical activity
No COVID, delayed during the pandemic, competed with the
resources of the operating room or critical care beds and there
was also a turnover of personnel in all areas (doctors, nurses,
assistants, etc.) with less awareness of donation. With all this,
donation continues from DCD and DBD if the hospital logistics
allow it, and the DCD uncontrolled with triple safety screen-
ing (out-of-hospital donor nasal antigen, family questionnaire
on COVID and PCR on arrival of the donor at the emergency
room) begins to be activated.

Even though donation and transplantation figures are still
closer to those of 2017, the report issued by ONT as of January
27th, 2022, reflected an overall growth of 7% in all types of
transplantation (1,905 donors, (40.2 donors per million pop-
ulation (pmp) with 4,781 transplants (101 pmp transplants)
of which 159 transplants have been to children). On the other
hand, 26,347 new bone marrow donors were registered, mean-
ing that our country now has 452,552 registered donors, in
line with the objectives of the third phase of National Bone
Marrow Plan. At the other extreme is the waiting list, which
stands at 4,762 patients, 66 of them of pediatric age. In 2020
the list was 4,794 patients, 92 of them of pediatric age [41].

LESSONS LEARNED AND EXPERIENCE IN SARS-
COV-2-INFECTED DONOR RECIPIENTS

There are published references on the absence of SARS-
CoV-2 transmission in organ recipients from donors conva-
lescing from infection with 2 months or more prior to dona-
tion [42,43]. However, much more relevant is the increasing

communication of series demonstrating the absence of SARS-
CoV-2 transmission from donors with positive PCR at the time
of donation, with ranges from 0 to 30 days from PCR positivity
to renal [44,45], hepatic [44,46-48], and cardiac [44,49] dona-
tion. However, the results were not similar in lung donation.
Of 3 lung implants from positive PCR for SARS-CoV-2 donors
(with negative nasopharyngeal PCR and positive bronchioalve-
olar lavage PCR), 3 developed critical illness and 1 died [50,51].

In the analysis of the cohort of 17,694 donors from the Amer-
ican national database (OPTN), 150 were positive for SARS-CoV-2.
Of these, 269 organs were transplanted, including 187 kidneys, 57
livers, 18 hearts, 5 kidney-pancreas, and 2 lungs. The median time
from COVID-19 testing to donation was 4 days for positive donors.
Survival of patients who received grafts from COVID-19-positive
donors and complications of graft dysfunction were equivalent to
those who received grafts from COVID-19-negative donors [52].
Similar results were reported by Dhand et al. with 193 COVID+
donors resulting in the transplantation of 281 kidneys, 106 liv-
ers and 36 hearts in 414 adult recipients [53]. A systematic review
conducted with published from January 2019 to December 2021
collected information from sixty-nine recipients who received 48
kidneys, 18 livers, and 3 hearts from 57 donors with positive RT-
PCR for SARS-CoV-2 The investigators concluded that the use of
nonpulmonary organs (kidney, liver, and heart) from SARS-CoV-2
positive donors appeared to be a safe practice, with a low risk of
transmission, regardless of the presence of symptoms at the time
of procurement [54]. Finally, a bioethical analysis addressing the
four issues that are considered to constitute the essential struc-
ture of individual clinical cases for ethical analysis (medical indica-
tions, patient preferences, quality of life and contextual character-
istics) concluded that the decision to perform liver transplantation
in selected patients shows that the decision is ethically justifiable
[55].

In an interesting report, Eichenberger EM et al [56] sum-
marize the lessons learned about donation and transplantation
in relation to COVID and could be summarized as follows:

e In non-pulmonary donors (kidney, liver, heart, or pan-
creas), even with unknown time since infection, without
severe disease, no transmission has occurred. Intestinal
transplantation is also not indicated due to prolonged viral
shedding, which often exceeds 50 days.

®  Donors with critical COVID-19, even non-pulmonary, may
have organ quality problems due to microvascular disease.
Biopsy should be considered in these cases.

e Patients on the waiting list with end-stage organ disease
or those with high morbidity might be considered for or-
gan transplantation from a COVID-19-positive donor.

e Recipients should be vaccinated, and transplant teams
should encourage vaccination.

e Recipient informed consent should be obtained well in ad-
vance of transplantation.

e Although SARS-CoV-2 RNA could be detected in any or-
gan, there is no viable or transmissible virus in organs oth-
er than the bowel or lung.
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® Most recipients underwent treatment for COVID-19 with
remdesivir, neutralizing antibodies or both since there is
authorization for its use in transplant recipients.

MAIN THERAPEUTIC TOOLS APPROVED IN THE
TREATMENT OF INFECTION. APPLICABILITY IN
TRANSPLANT PATIENTS

Given the morbidity and mortality associated with SARS-
CoV-2 infection in transplant recipients. It would be advisable
to assess the specific treatment alternatives that could benefit
these patients. Although experience is limited, some alterna-
tives are presented.

Remdesivir. Remdesivir is a direct-acting nucleotide
prodrug of SARS-CoV-2 RNA-dependent RNA polymerase. It
has potent activity in primary airway epithelial cells. A phase
3 trial of remdesivir demonstrated that both a 5- and 10-day
schedule shortened recovery time in hospitalized patients with
COVID-19 [57,58]. Shorter treatment regimens (3 days) have
prevented progression to severe disease in ambulatory patients
with good adherence and tolerance [59]. In a small Italian case
series of 24 patients, 7 treated with remdesivir versus 17 place-
bos, the authors recognize the usefulness of this same scheme
in solid organ recipients, avoiding disease progression and ICU
admission [60]. It is currently the most widely used antiviral in
the infection of hospitalized transplant recipients, alone or in
combination with sotrovimab.

Nirmatrelvir/ritonavir. This is a new orally bioavailable
protease inhibitor, which has demonstrated activity against
SARS-CoV-2. In a recent phase 2/3 clinical trial in 2,246 SARS-
CoV-2 infected patients, Nirmatrelvir (co-administered with ri-
tonavir 100 mg twice daily) reduced the risk of hospitalization
or death by 89% compared to placebo [61]. The main problem
associated with prescribing this antiviral in the SOT popula-
tion is that ritonavir is a potent cytochrome P450 (CYP) 3A in-
hibitor and poses significant drug-drug interaction problems,
especially with anticalcineurin drugs. In addition, nirmatrelvir/
ritonavir requires dose adjustment in renal insufficiency and
its use is not recommended in patients with a clearance of less
than 30 ml/min. There is some brief communication in which
some precautions for its use are recommended, knowing the
interindividual variability in the metabolic activity of P450
(CYP) 3a. Lange et al [62] recommend starting nirmatrelvir/ri-
tonavir from day 1 to day 5. Maintain tacrolimus from day 1 to
5 (do levels on day +3 in case the dose needs to be adjusted). In
the case of cyclosporine, reduce the dose to 80% of the usual
dose. On day 6-7 do levels of tacrolimus or cyclosporine. In the
case of tacrolimus, if the levels are supratherapeutic, maintain
the dose and repeat after 2-4 days. If the levels are therapeu-
tic, initiate treatment at a dose of 25-50% of the usual dose
and repeat after 2-4 days. If subtherapeutic, start treatment
at a dose of 25-75% of the usual dose and repeat after 2-4
days. In the case of cyclosporine, if levels are supratherapeu-
tic, reduce the dose. In other interaction models, cyclosporine
has been reduced to 20% of the usual dose. Repeat levels after
2-4 days. If levels are therapeutic, continue and monitor again

after 2-4 days. If they are subtherapeutic, the dose should be
increased, repeating the dose after 2-4 days. This proposal is
indicative. In the case of other concomitant medication such
as azoles, anticoagulants, this regimen should be individual-
ized. Other researchers [63] propose reintroducing tacrolimus
in partial or full doses between days 8 and 10, ideally guided
by drug levels. To avoid elevation of transaminases, it may be
prudent to discontinue statins on the day of initiation of treat-
ment.

Molnupiravir. It is a derivative of the synthetic nucleoside
N4-hydroxycytidine that exerts its antiviral action through the
introduction of copy errors during viral RNA replication, which
has been shown to reduce hospitalization and death in SARS-
CoV-2 infection [64]. Molnupiravir provides some advantages
for use in transplant patients. Since it has low affinity for CYP
3 A (P450), it does not interact with the metabolism of an-
ticalcineurin drugs, as happens with ritonavir. Furthermore, it
does not require dose adjustment in patients with renal insuf-
ficiency, as is the case with nirmatrelvir/ritonavir or remdesivir.
Finally, being an oral drug, it facilitates compliance, sequential
therapy after remdesivir or combination therapy. There is little
experience in renal transplant recipients with molnupiravir in
the early treatment of SARS-CoV-2 infection. In a small Span-
ish comparative study, no differences were found between
molnupiravir (4 patients) and remdesivir (9 patients) in surviv-
al, tolerance or poor clinical course, even in very immunosup-
pressed patients (methylprednisolone bolus, basiliximab, an-
tithymocyte gamma globulin) [65]. In a retrospective American
series, the 49 transplanted patients infected with SARS-CoV-2
during the omicron variant and treated with molnupiravir had
less hospitalization and death. Four of them had minor side
effects (2 rash and 2 gastrointestinal complaints) [66].

Sotrovimab. Monoclonal antibodies have been shown
to reduce hospitalization, ICU admission and mortality due
to COVID-19 and would be especially useful, alone or in asso-
ciation with specific antiviral treatment, in the immunosup-
pressed or comorbid population. The most commonly used an-
tibodies in 2021 and 2022 have been casirivimab-imdevimab
and sotrovimab. Specifically in solid organ transplant recipi-
ents, two studies, with 35 and 28 patients treated with mon-
oclonal antibodies, reduced hospitalization and ICU admission
in transplant recipients infected with Delta variant, with no
mortality [67,68]. However, the neutralizing capacity of mon-
oclonal antibodies varies according to the viral variants. Thus,
there are areas of greater variability in the RBD (receptor bind-
ing domain) of viral spike, that modify this "anchor zone" of
the monoclonal antibody in the mutational variants, making
it less neutralizing. There is an in vitro neutralization reference
from Stanford University [69] that periodically updates the
neutralization capacity of the different synthetic monoclonal
antibodies, although there are no references that correlate
that in vitro neutralization quotient with the greater or less-
er beneficial effect in vivo or the neutralization breakpoint at
which a therapeutic monoclonal antibody should be rejected.
In addition, there is also an effect, termed “effector function”
that recruits cells of the immune system to facilitate the elim-
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ination of infected cells [70]. It is not known whether this is a
constant class effect for all monoclonal antibodies or whether
it is more intense in some or in others, but even with a reduc-
tion in the neutralizing threshold according to the Stanford
references, some monoclonal antibodies are able to reduce vi-
ral load in experimental models [71].

These modifications in RBD referred above change with
the viral variant. For example, after selection of Delta strain
and the reduction of the neutralization capacity according to
the Stanford references, two antibodies (etesivimab or bam-
lanivimab) were withdrawn from the market, leaving casiriv-
imab/imdevimad and sotrovimab as the only active drugs.
After selection Omicron, casirivimab/imdevimab was also
no longer recommended for the same reason. A prospective
multicenter real-life cohort study of patients treated with ca-
sirivimab/imdevimab (n= 133 vs. Delta) or sotrovimab (n= 116
vs. Omicron), in which 40% were solid organ recipients, has
been published with results of reduced hospitalization and ICU
admission, and no mortality [72]. A French retrospective ob-
servational study conducted between March and June 2021
compared the clinical course of 80 renal transplant recipients
treated with sotrovimab for SARS-CoV-2 infection against 155
patients undergoing standard of care. Of the 80 patients treat-
ed with the monoclonal antibody, 3 (3.8%) required hospital
admission, 2 (2.59%) required ICU admission, none required me-
chanical ventilation and there were no deaths. In the control
group 30 patients (19.4%) were admitted, 24 (15.5%) were
admitted to ICU, 18 (11.6%) required mechanical ventilation
and all 18 (11.6%) died. All comparisons reached statistical
significance [73]. A retrospective study compared the clinical
outcomes of the first 25 renal transplant patients treated with
sotrovimab against mild-moderate Omicron BA.1 infection
versus 100 renal transplant patients who received only the
standard of care. In the sotrovimab arm (n = 25) there were 4
hospitalizations (16%), 1 patient was admitted to the ICU, and
no deaths. In the standard-of-care arm (n = 100) there were
35 hospitalizations (35%), 17 patients were admitted to ICU
(17%), and 11 died (11%) [74].

Omicron variant has also undergone mutations in RBD,
changing from BA.1 to BA.2 and currently also to BA.4/5. This
has correlated with modifications in the Stanford neutraliza-
tion standards, leaving sotrovimab and the combination of
tixagevimab/cilgavimab as the only recommended monoclonal
antibodies. Results of a study comparing the activity of sotro-
vimab among high-risk BA.1 vs. BA.2 variant-infected patients
have recently been reported. In this study, of the 47 BA.2-in-
fected patients, at least 35 were high-risk immunosuppressed
(steroid therapy, solid organ or hematopoietic transplantation,
chemotherapy, or rituximab immunotherapy). Although the
sample size was relatively small, sotrovimab was associated
with a low incidence of COVID-19-related hospitalization or
death in this very high-risk population with mild to moderate
SARS-CoV-2 infection and no new mutations [75]. Sotrovimab
is currently an effective alternative, associated with the stand-
ard of care to prevent progression of SARS-CoV-2 infection in
high-risk patients, such as transplant recipients.
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