International Journal of Infectious Diseases 147 (2024) 107214

Contents lists available at ScienceDirect

—~

ﬁf ) Ng\ g%rcﬁ;éwnoum
International Journal of Infectious Diseases &Y/ Foknrecrios
journal homepage: www.elsevier.com/locate/ijid
Short Communication
Solid organ transplant in recipients with ongoing SARS-CoV-2 n
infection: A systematic review of case reports and series
Andrea Lombardi!?* Marta Colaneri>*, Cecilia Azzara', Paola Saltini', Giulia Viero',
Emanuele Palomba?, Simona Biscarini'!, Andrea Gori>* Alessandra Bandera !
1 Foundation IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Infectious Diseases Unit, Milan, Italy
2 Department of Pathophysiology and Transplantation, University of Milan, Milan, Italy
3 Department of Infectious Diseases, Luigi Sacco Hospital, ASST Fatebenefratelli Sacco, Milan, Italy
4 Department of Biomedical and Clinical Sciences “L. Sacco”, University of Milan, Milan, Italy
ARTICLE INFO ABSTRACT
Article history: Background: Whether solid organ transplant (SOT) can be safely performed in recipients with ongoing
Received 21 June 2024 SARS-CoV-2 infection is still a debated question.

Revised 7 August 2024

Methods: A systematic review of the literature on recipients with ongoing SARS-CoV-2 infection at the
Accepted 13 August 2024

time of surgery and the associated outcomes.
Results: From 29 studies, we identified 54 recipients; their median age was 47.5 years, and over half

Keywords: (23/54, 54.85%) were affected by fewer than two comorbidities. Kidney was the most common trans-
Solid organ transplant planted organ (24/54, 44.4%). SOT was performed without knowing the ongoing infection in 11.1% (6/54)
Covid-19 of patients. On average, 16.1 (SD 23.2) days elapsed between SARS-CoV-2 infection and SOT, with a mean
zzrcsi;i(e);;z Ct value at diagnosis and transplantation of 29 and 31.9, respectively. Most patients (25/39,64.1%) had

received previous COVID-19 vaccinations. Twenty-four patients (45.3%) received an anti-SARS-CoV-2 ther-
apy. Ten patients (18.5%) required oxygen support, while seven (13.7%) were admitted to the intensive
care unit. There were two reported cases (3.7%) of all-cause death, while there were no cases of COVID-
19-related death.
Conclusions: Deliberate SOT of recipients with ongoing SARS-CoV-2 is performed worldwide in candi-
dates of nonlung transplant who are fit, immunized against the virus, and displaying a nonsevere disease
course. No COVID-19-related deaths were recorded.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction ents with ongoing SARS-CoV-2 infection at the time of surgery, we
performed a systematic review of the literature.
The coronavirus disease 2019 (COVID-19) pandemic, caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV- Methods
2), has severely impacted solid organ transplant (SOT) [1]. One is-
sue to be addressed is whether SOT can be safely performed in The electronic search was performed on PubMed, Scopus, and
recipients with ongoing SARS-CoV-2 infection. In a recent survey Embase databases.
conducted among members of the ESGICH, we found that several The study protocol was registered on  PROSPERO
transplant centers worldwide are already performing this proce- (CRD42024499700) and reported following the PRISMA guide-
dure [2]. To understand the actual relevance of SOT among recipi- lines. Supplementary files 1 and 2 contain the study's search
strategy and PRISMA flowchart.
We included studies that reported at least one case of a patient

gt SO, sl ran g VD 15 oo e 20 o underwent SOT when infected wih SARS-Cov-2, puished i
‘ P the period 01/03/2020-01/03/2024.

chain reaction; Ct, cycle threshold. . ) )
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requirement, intensive care unit (ICU) admission, death, and organ
rejection) the SOT occurring in patients with a confirmed diagnosis
of SARS-CoV-2 infection.

SOT occurring in an infected patient was defined if the authors
reported a first positive SARS-CoV-2 nasopharyngeal swab in the
patient 48 h before/after the transplant procedure. Both molecular,
antigen and unspecified tests were deemed acceptable for the pur-
pose of the review. Deliberate SOT was defined as the transplanta-
tion performed on a patient infected by SARS-CoV-2 with clinicians
aware of the ongoing infection.

Study characteristics were described using counts and percent-
ages, or medians and interquartile ranges (IQRs), as appropriate. A
multivariate logistic regression was performed to assess the vari-
ables associated with an increased risk of being admitted to the
ICU for COVID-19-related reasons.

Results

Overall, 54 patients from 29 studies were included. Specifically,
22 case reports of single patients [3-23], 4 case reports of 2 pa-

Table 1
Demographic and clinical characteristics of SOT recipients transplanted with ongo-
ing SARS-CoV-2 infection.

Demographic data

Age Median (IQR) 47.5 (35.5-60.0)
Biological sex Male 34 (63.0)
BMI Mean (SD) 23.5 (7.2)
missing 48
SOT data
Transplanted organ Heart 4(74)
Kidney 24 (44.4)
Liver 19 (35.2)
Lung 6 (11.1)
Kidney and liver 1(1.9)
Accidental transplant 6(11.1)
Urgent transplant 11 (23.4)
missing 7
Comorbidities
Cardiovascular disease 5(11.9)
missing 12
Diabetes 5(11.9)
missing 12
Chronic lung disease 6 (14.3)
missing 12
Rheumatological disease 6 (14.3)
missing 12
Chronic liver disease 12 (28.6)
missing 12
Chronic kidney disease 13 (31.0)
missing 12
RRT 11 (26.2)
missing 12
Cancer 3(7.1)
missing 12
Count of comorbidities <2 23 (54.8)
>2 19 (45.2)
missing 12
CCl Mean (SD) 2.5 (2)
missing 15
Anti-SARS-CoV-2 status
COVID-19 vaccination 25 (64.1)
missing 15
COVID-19 vaccine shots <2 20 (54.1)
> 2 17 (45.9)
missing 17
Previous SARS-CoV-2 infection 3(18.8)
missing 38
Tixagevimab-cilgavimab combination 2 (4.1)
missing 5

BMI: body mass index; SOT: solid organ transplantation; RRT: renal replacement
therapy; CCI: Charlson comorbidity index.
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Table 2
Outcomes data of SOT recipients transplanted with ongoing SARS-CoV-2
infection.
Need for oxygen support 10 (18.5)
ICU admission 7 (13.7)
missing 3
All-causes death 2 (3.7)
90-days death 2 (4.3)
missing 8
Days between Tx and discharge ~ Mean (SD) 28.2 (23.6)
missing 33
LOS Median (IQR)  36.5 (18.2, 61.0)
missing 44

Acute rejection 7 (13.0)

ICU: intensive care unit; Tx: transplantation; LOS: length of stay.

tients [24-27], 3 case series describing 4 patients [28-30], and 1
comprising 12 cases were included [31]. The provenience of each
included study is reported in Supplementary Figure 1.

The main characteristics of the SOT recipients transplanted with
ongoing SARS-CoV-2 infection are reported in Table 1. In the 11.1%
of SOT recipients, the decision to transplant the organ was made
unknowingly because of the SARS-CoV-2 infection (accidental in-
fection), which was detected after transplantation.

Data regarding SARS-CoV-2 infection diagnosis, symptoms, and
complications are described in Supplementary Table 1. Regarding
the cycle threshold (Ct) results, the mean Ct value at diagnosis was
29, while the mean Ct value at SOT was slightly higher at 31.9.

Data on specific SARS-CoV-2 treatment and immunosuppressive
drugs administered are reported in Supplementary Table 2. Of 54
cases, 24 patients (45.3%) received anti-SARS-CoV-2 specific ther-
apy. Remdesivir was the most administered treatment, with 17 pa-
tients (32.1%) receiving it.

The primary clinical outcomes of these SOT recipients are
shown in Table 2. There were two reported cases (3.7%) of all-
cause death, while there were no cases of death which might be
explicitly attributed to COVID-19.

Finally, the presence of COVID-19-related symptoms (OR 2.044,
95% CI 0.18-17.66, P = 0.52), receiving lung transplantation com-
pared to other types of solid organ transplants (OR 6.32, 95% Cl
0.59-60.91, P = 0.10), and accidental transplantation (OR 1.3, 95%
CI 0.04-16, P = 0.83) were not significantly associated with wors-
ening clinical conditions requiring ICU admission.

Discussion

We have identified a non-negligible number of SOT recipients
who performed transplantation while infected with SARS-CoV-2,
with a median age below 50 years and a few comorbidities, who
primarily received kidney and liver transplants. In most cases, clin-
icians were fully aware of the ongoing infection, thus perform-
ing the procedure deliberately despite only a few procedures be-
ing classified as urgent. The infections were generally mild, with
limited symptoms, likely due to substantial immunization from
previous infections and vaccinations. Interestingly, less than half
of patients received specific anti-SARS-CoV-2 treatments, mainly
remdesivir. Nonetheless, the need for ICU readmission after SOT
was limited; COVID-19-related deaths were not reported, and only
two all-cause deaths were recorded in the 90-day post-transplant
period.

This is the first systematic attempt to describe SOT among re-
cipients with ongoing SARS-CoV-2 infection at the time of surgery.
Interestingly, in a previous survey of our group, we identified
several similar elements associated with the decision to perform
SOT in recipients with ongoing SARS-CoV-2 infection. [2] Namely,
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COVID-19 symptoms absence, a previous immunization against the
virus, and the administration of remdesivir.

Scientific societies generally recommend a cautious approach
regarding transplantation in patients with active infections. Amer-
ican and European guidelines for adult SOT advise delaying trans-
plantation until the infection is resolved or controlled [32], typi-
cally recommending a minimum of two weeks postrecovery before
proceeding with the transplant. [33]

Our study has several inherent limitations. First, it relies on
data recovered from published studies, making it likely that publi-
cation bias is present. Despite this bias, the cases recorded showed
a generally good outcome, suggesting that in a larger population,
the impact of SARS-CoV-2 could be even less relevant. Second, the
data were gathered from various sources and not collected system-
atically, resulting in several missing values. For example, the post-
transplant follow-up was not standardized and therefore, events
such as acute rejection can be underestimated. Third, an average
of 16 days has elapsed between the diagnosis of SARS-CoV-2 in-
fection and the surgical procedures. This could have allowed the
clinicians to assess the impact of the infection on the transplant
candidate, excluding those with severe COVID-19. Moreover, such a
long period is usually associated with a clearance of the viral infec-
tion, even though, for those patients with this data available, the
SARS-CoV-2 PCR Ct on nasal swabs was 31.9, a value representing
a low viral burden but still detectable.

Overall, the data collected in our study suggest that deliberate
SOT of recipients with ongoing SARS-CoV-2 is ongoing worldwide
in candidates of nonlung transplant who are fit, immunized against
the virus, and displaying a nonsevere course of disease. Interest-
ingly, no COVID-19-related deaths were recorded.

It is difficult to understand the reasons behind the apparent
suitability of the transplant procedure among this peculiar popu-
lation of infected recipients. Nonetheless, we could highlight that
(1) the viral strain has changed during the pandemic, with the ap-
pearance of strains characterized by a lower virulence, (2) the pop-
ulation, including SOT candidates, has been immunized, both by
vaccination and previous infections, thus acquiring elements able
to reduce disease’s severity, (3) the SOT recipients included in our
analysis were transplanted after a considerable time since the in-
fection, allowing to select patients without severe manifestations
and to control the disease by the immune system of the host, and
(4) only a handful of lung transplants have been reported; thus we
do not have reliable data regarding the transplantation of the or-
gan most profoundly affected by the infection.

It is challenging to propose radical changes to the standard
of care based on the results of merged, small, and not system-
atically collected experiences. Nonetheless, it seems reasonable to
consider the transplantation of extrapulmonary organs among in-
fected young (age < 50 years) recipients with limited comorbidi-
ties, displaying reduced COVID-19 symptoms, previously immu-
nized against the virus, and providing antiviral treatments in the
early post-transplant.

Although the pandemic’s impact on our daily lives has signif-
icantly diminished, many SOT candidates continue to find their
needs unmet. This underscores the critical importance of ensuring
that no opportunity for transplantation is fruitless.
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