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ABSTRACT

Despite the fact that COVID is today not a life-threat for
the general population, recipients of solid organ transplanta-
tion should be viewed as a high risk group for severe COVID.
Repetitive doses of SARS-CoV-2 vaccine still fail to protect SOT
recipients from infection, disease or even death caused by COV-
ID. A more frequent need for medical care may initially place
these patients at greater chances of SARS-CoV-2 infection.
Immunosuppression after engrafting and underlying medical
conditions that led to the practice of SOT contribute to more
risk of severe infection. Immunosuppression also blunts the
intensity of humoral and cellular responses after vaccination,
even when several booster doses have been administered. Still,
vaccination is the best strategy to prevent a fatal outcome in
case of SARS-CoV-2 infection, with a particular reduction in
mortality. SOT recipients should be considered a high-risk pop-
ulation that need yearly SARS-CoV-2 vaccination.
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The pandemic caused by the severe-acute-respirato-
ry-syndrome coronavirus type 2 (SARS-CoV-2) has complicat-
ed the practice of solid organ transplantation (SOT) in several
ways: i) reduction in the availability of donors [1]; ii) reduced
response to SARS-CoV-2 vaccination; iii) risk of severe coro-
navirus infectious disease (COVID) from immunosuppression,
both in vaccinated and unvaccinated subjects.

Focusing on the clinical evolution of COVID in patients

that had undergone SQOT, a large metanalysis done before the
wide availability of SARS-CoV-2 vaccine demonstrated that
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transplanted patients had more risk of severe COVID and more
mortality as compared with not transplanted individuals [2]. A
total of 1,485 SOT recipients, enrolled in 15 studies with retro-
spective design, were evaluated; most grafts involved kidneys,
but other transplanted organs as liver, heart, lungs, pancreas
were included in the analysis. Other medical conditions were
commonly present in transplanted subjects, as hypertension,
diabetes, and chronic lung, kidney, or liver disease. The number
of non-transplanted patients that served as comparators ex-
ceeded 15,000 subjects, which also had the beforementioned
comorbid conditions at lower frequencies. The mean age of
participants was in general comparable in all studies. The risk
of need for ICU admission was greater in transplanted as com-
pared with non-transplanted individuals (OR: 1.57 [95% ClI,
1.07-2.31], p=0.02), although need of mechanical ventilation
was not different between these groups (OR: 1.19 [95% ClI,
0.89-1.58], p=0.24). With respect to fatal outcomes, mortality
resulted significantly greater among SOT recipients as com-
pared with controls (OR: 1.40 [95% Cl, 1.10-1.79], p=0.007);
this difference remained significant when transplanted pa-
tients were compared with controls matched for age, sex and
comorbidities (HR: 1.42 [95%Cl, 1.01-2.00], p=0.046). It may
be concluded that recipients of SOT are burdened with greater
morbidity and mortality associated with SARS-CoV-2 infec-
tion. The reasons for this association may be firstly the greater
number of comorbidities in transplanted patients--such as hy-
pertension, diabetes, chronic kidney, liver lung or heart disease,
and others—[3, 4], so that the need of SOT may be viewed as a
surrogate marker of underlying medical conditions that wors-
en the prognosis of COVID.

The negative effect of immunosuppressive therapy over
the evolution of COVID is a subject of debate. After SARS-
CoV-2 infection, the enhancement of intense immune reac-
tions, where the release of cytokines has a central role [5], play
the main part in the pathogenesis of severe COVID. Therefore,
SOT recipients may see some benefits from being under treat-
ments that blunt the overstimulation of immune responses
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against SARS-CoV-2 infection, in particular inflammatory
responses [6], of which the indication of corticosteroids for
patients with severe respiratory distress is a paradigmatic ex-
ample [7]. Some drugs in particular, as calcineurin inhibitors
or mycophenolic acid, may reduce the risk of severe COVID in
part from the anti-inflammatory effect, but also with poten-
tial antiviral properties [8-10]. The negative aspect is that also
T-cells producing virus-specific cytokines have been shown to
be inhibited under immunosuppressive drugs [11]. In general,
taking the results of different studies that analyze humoral
and cellular response against SARS-CoV-2, it may be conclud-
ed that the initial immune response to primary infection may
be weaker in transplanted subjects under immunosuppressive
therapy, what may make infection more aggressive, although
inflammatory responses may be less intense; this makes dif-
ficult to predict the net effect of immunosuppression on the
severity of COVID in SOT recipients. However, survivors to COV-
ID are capable of generating a long-lasting immunity, in part
related with the greater severity of the first infection [12-15].

Given this in general more risk of complicated COV-
ID among SQOT carriers, this population was primed for early
SARS-CoV-2 vaccination. As could be expected, immunosup-
pression is translated into lower response rates to mRNA vac-
cines when comparing SOT recipients -including kidney, liver,
lung, heart-- to healthy individuals [16, 17]. In particular, cel-
lular immune responses are lower in SOT recipients even when
compared, not just with healthy controls, but also with other
causes of immunosuppression as primary immunodeficiencies
or HIV infection, defect that mostly compromises the durabili-
ty of the protective effect of the vaccine [18]. In a prospective
study including 200 SOT recipients (live, kidney and lungs) and
another 200 controls, the humoral and cellular responses to
mRNA vaccine were lower in the former after 6 months of fol-
low-up. Positive IgG titers against the SARS-CoV-2 spike were
seen in only 36% of transplanted participants, but in 97% of
controls; with respect to cellular immunity response was pos-
itive in 13% versus 60%, respectively [19]. Of particular con-
cern, it seems that lung transplant is associated with lower hu-
moral responses after vaccination (10-40%) when compared
with kidney (40-60%) or liver (30-400%) transplant [20-25].

Despite the reduced protective effect of vaccination, the
benefit in transplanted patients is very significant. In a large
study including nearly forty thousand SOT recipients that had
received two doses of SARS-CoV-2 vaccine, vaccination was
not associated with a reduction in the risk of infection, but
provided a 20% reduction in the risk of death in case of COVID
as compared with unvaccinated patients [26]. Again, patients
with lung transplantation and subjects older than 50 years,
those that have weaker response to vaccination, were found
with higher risk of death. Several studies have shown that im-
munosuppressive regimens that include glucocorticoids, my-
cophenolate mofetil, calcineurin inhibitors and belatacept are
associated with less response to vaccination. Still, the benefit
of vaccination among transplanted individuals is greatly re-
duced as compared with healthy subjects. Studies done in the
general population showed more than 90% vaccine efficacy

both in terms of lower rate of infections and lower mortality.
It is important to emphasize that SOT recipients who received
vaccine doses had a better chance of survival compared with
unvaccinated SOT recipients in case of COVID.

The administration of booster doses after primary vacci-
nation provides stronger immunity in SOT recipients, which
includes humoral response, neutralizing activity, and cellular
response [27]. Still, around 20% of patients with SOT may still
remain seronegative after several doses of SARS-CoV-2 vac-
cine. However, it seems that the greater the number of vaccine
doses the lower the chances for severe COVID [28]. Compara-
tive studies suggest that mRNA vaccines have better perfor-
mance that adenovirus vector vaccines in SOT carriers [29].

It may be concluded that patients with SOT are exposed
to a greater risk of severe COVID, although immunosuppres-
sion is not the unique or even the major factor contributing to
this worse outcome, as underlying medical conditions are also
strongly associated negative factors. Although the response
to vaccine is weaker in transplanted individuals, booster doses
seem to improve protection but not yet to levels comparable
to the general population. For all these reasons, in the current
scenario of starting vaccination with the fifth or even the sixth
dose of SARS-CoV-2 vaccine, SOT recipients should be consid-
ered first-line candidates for this yearly schedule that includes
other high-risk populations.
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