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Abstract

With a high community transmission rate, SARS-CoV-2 has profoundly exacerbated the shortage of organs. Although the risk of donor-
recipient transmission of SARS-CoV-2 is anecdotally low, an organ-specific infection analysis of procured organs from SARS-CoV-2
positive donors has yet to be established. Using a combination of clinically available and research-only polymerase chain reaction
methods, organ preservation fluid and renal parenchymal tissues were tested for SARS-CoV-2 from the kidney of a SARS-CoV-2-
positive donor prior to transplantation. The recipient has remained SARS-CoV-2 negative and clinically well, with excellent graft
function 120 days post-transplantation.

INTRODUCTION
Due to the ubiquitous prevalence and myriad of clinical
presentations of COVID-19, multiple guideline-issuing
societies have proposed approaches to SARS-CoV-2-
positive organ donors [1, 2]. As transplant recipients are
inherently immunosuppressed, higher risks of COVID-19
infection coupled with higher morbidity and mortality
risks have been identified [3]. Therefore, heightened
concerns exist over donor–recipient transmission of
SARS-CoV-2.

Currently, there is no consensus regarding the evalu-
ation of organs procured from positive donors. Although
multiple case reports have shown acceptable clinical out-
comes in recipients of non-lung transplantations from
SARS-CoV-2-positive donors, testing modalities remain
markedly heterogeneous and occasionally lacking [4]. To
expand the pool of eligible organ donors, it is impera-
tive to identify through coherent testing strategies, the
clinical scenarios associated with low disease transmis-
sion risk.

We describe the testing strategies used for successful
kidney transplantation from a SARS-CoV-2-positive
deceased donor. Besides donor nasopharyngeal (NP)
swabs and lower respiratory tract samples, organ
preservation fluid and renal tissue from the allograft
were tested.

CASE REPORT
The donor was an ABO blood type B teenage male who
succumbed to head trauma. Twenty-three days previous
to presentation, the patient tested positive for SARS-
CoV-2 via an NP swab (testing specifics unavailable).
No respiratory complaints were reported by the patient.
Cross-sectional chest imaging revealed air bronchograms
and patchy ground glass opacities in the left lower lobe
and right upper, middle and lower lobes. The etiologies of
infection and inflammation were differential. Oxygena-
tion was moderately impaired (PaO2:FiO2 = 290).

On day 3 post-admission, donor bronchoalveolar
lavage (BAL) specimens tested negative for SARS-CoV-
2 (Panther Fusion® System SARS-CoV-2 Assay) (Table 1)
[5]. However, on the same day, an NP swab tested positive
(Alinity m SARS-CoV-2 Assay, Abbott) [6].

Organ procurement followed the standard protocol
including rapid cooling, total body exsanguination and
transfusion with four liters of cold Belzer UW solution
(Bridge to Life Ltd., Northbrook, IL, USA). After procure-
ment, the kidney allograft was stored in Custodiol HTK
solution (Essential Pharmaceuticals, LLC, Durham, NC,
USA) and transported using hypothermic static storage at
∼2◦C [7, 8]. The total cold ischemic time was 14 h, 22 min.

Prior to implantation, the preservation fluid tested
negative for SARS-CoV-2. Briefly, a 10-cc aliquot of
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Table 1. SARS-CoV-2 testing methods, mechanism, targets and results of donor

DONOR 9/17/21 9/19/21 9/20/21 9/25/21

Specimen type NP swab NP swab BAL NP swab BAL Kidney
perfusion fluid

Kidney parenchyma

Test method ∗ Abbott Alinity
m Assay

Panther Fusion Abbott Alinity
m Assay

Panther Fusion Cepheid Xpert
Xpress

Novaplex SARS-CoV-2
Variants I, II, IV Assays

Test mechanism PCR RT-PCR RT-PCR RT-PCR RT-PCR RT-PCR RT-PCR
Target ∗ RdRp;

N-genes
ORF1ab RdRp;

N-genes
ORF1ab N2; E RdRp; HV69/70 del, W152C,

K417N, K417T, L452R,
E484K, N501Y, P681R

Result Negative Positive Negative Positive Negative Negative Negative

∗Outside hospital-developed COVID PCR – no details available. Abbreviation: NP swab: nasopharyngeal swab (upper respiratory tract); BAL: bronchoalveolar
lavage (lower respiratory tract); RT-PCR: reverse transcription polymerase chain reaction; RdRp: RNA-dependent RNA Polymerase; HRP: horse radish peroxidase;
IgG: immunoglobulin type G; ORF1ab: open reading frame 1 ab.

Table 2. SARS-CoV-2 testing methods, mechanism, targets and results of recipient

Recipient 9/25/21∗∗ 9/29/21

Specimen type NP swab NP swab Serum NP swab

Test method Abbott Rapid ID NOW Cepheid Xpert Xpress VITROS Anti-SARS-CoV-2 Serology Abbott Rapid ID NOW
Test mechanism Isothermal nucleic acid

amplification
RT-PCR Qualitative chemiluminescent (HRP

‘sandwich’) immunoassay
Isothermal nucleic acid
amplification

Target Section of RdRp N2; E Anti-spike protein S1.10 IgG Section of RdRp
Result Negative Negative Positive Negative

∗∗Date of transplant Abbreviation: NP swab: nasopharyngeal swab (upper respiratory tract); BAL: bronchoalveolar Lavage (lower respiratory tract); RT-PCR: reverse
transcription polymerase chain reaction; RdRp: RNA-dependent RNA polymerase; HRP: horse radish peroxidase; IgG: immunoglobulin type G.

preservation fluid was tested, which the kidney had
spent the previous 14 h in. This was analyzed using the
Xpert® Xpress SARS-CoV-2 assay (Cepheid GeneXpert®

Infinity System, Cepheid; RT-PCR) [9].
A 20-gauge parenchyma tissue biopsy sample (∼50 mg)

was obtained from the upper pole of the kidney allograft
and immediately sent to the laboratory. RNA was
extracted from the tissue using the PureLink™ FFPE
Total RNA Isolation Kit (Invitrogen, Carlsbad, CA, USA).
Extracted RNA samples (5 μl) were used to perform
Novaplex SARS-CoV-2 Variants I, II and IV Assays
(Seegene Technologies, Walnut Creek, CA, USA) to detect
and confirm the SARS-CoV-2 variant, assessing for the
alpha, beta, delta and omicron variants [10]. No SARS-
CoV-2 was detected.

Five days following the donor’s last COVID test,
transplantation proceeded uneventfully into a 34-
year-old female experiencing end-stage renal disease
secondary to systemic lupus erythematosus. This patient
was an ABO blood type, had no history of COVID-19
infection and had received a second dose of an anti-
SARS-CoV-2 vaccination (BNT162b2, Pfizer) four months
previous. The recipients serum tested positive for anti-
SARS-CoV-2 IgG (VITROS Immunodiagnostic Products
Anti-SARS-CoV-2 test) (Table 2) [11].

On the day of transplantation, an NP sample from
the recipient tested negative for COVID using isothermal
amplification (Abbott ID NOW, Abbott; target: RdRp) and
reverse transcription polymerase chain reaction (RT-PCR)
assays (Cepheid Xpert Xpress SARS-CoV-2 NAAT assay)
[9, 12, 13].

An NP recipient swab tested negative 4 days postop-
eratively (ID NOW). No symptoms consistent with those
of COVID-19 were observed. Normal allograft function
was immediate, and serum creatinine levels decreased
appropriately. Immunosuppression was induced using
thymoglobulin and a high-dose of solumedrol and
maintained with a triple-drug regimen (mycophenolic
acid, prednisone and tacrolimus). At 120 days post-
transplantation, the recipient was clinically well with
excellent graft function (serum creatinine: 0.78 mg/dL).

DISCUSSION
The pandemic has had a profound impact on millions
of people globally, causing the number of transplantable
solid organs to plummet dramatically [14]. Considering
the high community transmission rates, it is imperative
to develop detailed selection criteria for organ procure-
ment from SARS-CoV-2-positive donors to increase the
availability of transplantable organs. Recently, a sum-
mary from the Ad Hoc Disease Transmission Advisory
Committee of Organ Procurement and Transplantation
Network stated that donors with resolved COVID-19 are
unlikely to transmit infection to non-lung recipients;
however, due to the limited sample size of published
studies, the exact transmissibility of SARS-CoV-2 from
donors with active infection to non-lung recipients
remains unknown [2].

In this report, we present a successful 120-day out-
come of a kidney transplant from a SARS-CoV-2-positive
deceased donor, in which NP swab samples, perfusion
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fluid and donor organ tissue biopsies were prospectively
tested for SARS-CoV-2 (Table 1, Table 2).

Due to the limited number of reported cases, the
prognosis of transplantation from SARS-CoV-2-positive
donors remains poorly defined. Of the 13 reported clini-
cal cases of successful transplantation from SARS-CoV-
2-positive donors, specimens from the upper and lower
respiratory tracts (NP and BAL) were commonly tested;
however, data regarding organ-specific infection status
were rarely reported and tended to be retrospective.

Perfusion fluid plays a vital role in organ preserva-
tion, spending long durations in contact with allografts
to ensure metabolite clearance [15]. Therefore, perfu-
sion fluid analysis could provide key information for
understanding the infection status of donor organs and
function as a potential marker for SARS-CoV-2 transmis-
sion risk.

In this case, we monitored the virological status of
SARS-CoV-2 in the preservation fluid and parenchyma
tissue of the kidney allograft via RT-PCR. We used
both common assays (Emergency Use Authorizations
approved) and research-only methods (optimized in-
house) to detect for SARS-CoV-2 genetic material in
a variety of biological tissues important in organ
transplantation. Although larger studies are required
to accurately identify the specific risk factors, in the
current absence of detailed guidelines for organ procure-
ment from SARS-CoV-2-positive donors, we believe our
findings may help identify clinical scenarios conducive
to safe organ transplantation, effectively expanding the
supply of transplantable organs.
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