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Abstract

Purpose of Review We explore the challenges of managing solid organ transplant recipients (SOTRs) during the COVID-19
pandemic, with a focus on prolonged viral detection in immunosuppressed individuals.

Recent Findings SOTR guidelines recommend three mRNA vaccine doses with additional booster dosing and continued
protective post-vaccination measures. COVID-19 therapies are similar for SOTRs and non-SOTRs, although drug-drug
interactions limit the use of some such as nirmatrelvir/ritonavir (NIM-RTV). Inpatient treatment options include remdesivir
and steroids; outpatient antiviral options include NIM-RTV or remdesivir. Whereas molnupiravir has not been withdrawn in
the USA, it is no longer available in Europe due to safety and efficacy concerns, along with selection mutagenesis. Prolonged
viral replication in immunosuppressed patients presents the risk of future variant generation and concern for transmission.
Summary SOTR COVID-19 guidelines emphasize vaccination and protective measures; persistently positive cases remain
a challenge. Medications promoting selection mutagenesis are ill-advised for those already at risk of incubating variants
capable of immunologic escape.

Keywords COVID-19 - SARS-CoV-2 - Solid organ transplant - Immunosuppression

Introduction SARS-CoV-2 positivity and indolent viral replication in

immunosuppressed patients have been identified in multiple
The SARS-CoV-2/COVID-19 pandemic continues to  case series and present challenges for clinicians providing
be a source of significant morbidity and mortality in the = ongoing SOT care while attempting to protect other patients
solid organ transplant (SOT) patient population. Persistent  in their cohorts [1ee, 2, 3]. Additionally, prolonged detection
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of viral RNA by reverse-transcriptase polymerase chain
reaction (RT-PCR) in body fluids suggests a possibility of
a latent reservoir of virus capable of undetected continuous
mutation. Here, we present a case of a prolonged period
of SARS-CoV-2 positivity and mutational drift in a lung
transplant recipient to illustrate several clinical and scientific
challenges for solid organ transplant recipient (SOTR) care
in the COVID-19 era.

Case Report

A 65-year-old man underwent bilateral lung transplantation
for interstitial lung disease in 2020, prior to the availability
of vaccines against SARS-CoV-2. Non-ablative immune
induction upon transplantation included basiliximab (mon-
oclonal antibody against CD25, the a-subunit of the IL2
receptor), along with 1000 mg of intravenous (IV) mycophe-
nolate mofetil (MMF) and 1000 mg of IV methylpredniso-
lone. Initial maintenance oral immunosuppression included
triple-drug therapy, consisting of MMF 1000 mg twice daily
(up to 8 months following transplant), tacrolimus with goal
serum troughs of 8—12 ng/ml during the first year, and pred-
nisone. MMF was reduced to 500 mg twice daily at 8 months
following transplant due to leukopenia. His post-transplant
course was complicated by grade 2 primary graft dysfunction
requiring prolonged mechanical ventilation and tracheostomy.
Following liberation from mechanical ventilation, he was dis-
charged home 29 days following the transplant. The patient’s
forced expiratory volume in the first second (FEV1) improved,
and surveillance transbronchial biopsies performed at 1- and
3-months post-transplantation demonstrated no evidence of
acute cellular rejection (ACR), and asymptomatic, minimal (A1,
B0) ACR that did not require additional therapy, respectively.

Four months after the transplantation, he developed mild
sinus congestion and a new cough; he had a positive naso-
pharyngeal swab for SARS-CoV-2 tested by a commercial
RT-PCR kit (TagPath™ COVID-19 Combo Kit, Thermo
Fisher Scientific, Inc, Waltham, MA) with a lower limit of
detection of 25 copies/ml. Neutralizing monoclonal antibody
bamlanivimab was infused on the third day of known infec-
tion without any additional therapy or need for hospitaliza-
tion. Despite symptom resolution, the patient’s nasopharyn-
geal RT-PCR, tested as part of the standard infection-control
measures at the time for the institution, remained persis-
tently positive beyond 1 year (Table 1). Viral sequencing of
samples confirmed an acquisition of serial mutations of an
unnamed B.1.2 variant (clade 20G, Table 2).

Despite persistently positive nasopharyngeal RT-PCR
results, his transplanted lungs remained uninvolved clini-
cally and radiologically (Fig. 1). The patient was vaccinated
against SARS-CoV-2 with the mRNA-1273 anti-SARS-
CoV-2 vaccine (Moderna) 6 months following the initial
SARS-CoV-2 positive test. Surveillance transbronchial

Table 1 Timeline of transplant, lung function testing, surveillance lung biopsies, SARS-CoV-2 RT-PCR, serology, and immunosuppression. N, nucleocapsid; NP, nasopharyngeal; FK506, tac-

rolimus; S, spike protein; TBBX, transbronchial biopsy; Preop, preoperatively; (+), positive, (—), negative; +, active (for medications); —, not performed/not prescribed
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Table 2 Mutations of variant B.1.2 (clade 20G) relative to the ref- Sequencing Hub. All three sequences were assigned to clade 20G and
erence sequence for SARS-CoV-2. Three samples were collected classified as Pango lineage B.1.2. An increasing number of mutations
at different time points post-transplantation. Genomic sequencing over a l-year period was observed. The number of observed muta-
was conducted, and the lineage classification was obtained using tions in each sequence and the corresponding amino acid substitu-
the DRAGEN COVID lineage application on Illumina BaseSpace tions per coding region are provided
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S spike protein, E envelope protein, M membrane protein, N nucleocapsid protein

biopsies at 6 months and 1-year post-transplant showed no  remained free of donor-specific HLA antibodies (DSA) that
evidence of rejection. Imaging remained without new pul-  were tested by Luminex-based single antigen beads (One
monary infiltrates. At the time of publication, the patienthas ~ Lambda, Inc., A Thermo Fisher Company, Canoga Park,

B

Fig. 1 Representative images from CT scan of the chest at 16 months pneumonia despite persistent COVID-19 positive testing. Left sided
post-transplantation from the upper (A), middle (B), and lower (C) pleural thickening and small effusion with associated atelectasis (C)
lung zones illustrating no significant parenchymal abnormality or are noted, which has been chronic and stable for this patient
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CA). The patient was also tested for SARS-CoV-2 IgG anti-
bodies using a multi-target commercial Luminex-based kit
(LABScreen COVID Plus Antibody Testing, Thermo Fisher
Scientific, Inc, Waltham, MA). While the patient had detect-
able anti-SARS-CoV-2 IgG antibodies against spike, RBD,
S1, and S2 antigens (indicating a specific humoral response
to SARS-CoV-2), the anti-nucleocapsid antibody remained
negative (Table 1) consistent with defective humoral antivi-
ral response. The subject has done well from a pulmonary
perspective now 2 years after transplant.

Impact of COVID-19 Pandemic
on SOT Recipients

The SARS-CoV-2 virus, responsible for the COVID-19
global pandemic, has persisted since its zoonotic jump in
late 2019. On May 5, 2023, the World Health Organization
(WHO) announced that the disease was no longer classi-
fied as a public health emergency of international concern
(PHEIC). However, this did not mark the end of the pandemic
but rather indicated a shift towards national responsibility for
the long-term management of the virus [4].

Disruption of Solid Organ Transplant Care

By May 2020, SARS-CoV-2 had spread globally, presenting with
a spectrum of manifestations, from asymptomatic cases to severe
illnesses, straining hospitals worldwide [5, 6]. Certain comor-
bidities, such as CKD, liver and lung diseases, immunosuppres-
sion, diabetes mellitus, obesity, hypertension, pregnancy, and age
over 50, were associated with higher morbidity and mortality
[7]. Consequently, many transplant centers scaled back or halted
operations, impacting transplant rates and altering patient man-
agement. Boyarsky et al. assessed 88 centers from March to May
2020, revealing significant disruptions across organ transplants
[8]. Living donor kidney transplant (LDKT) saw major impacts,
with 30% suspending entirely and 51% facing restrictions like
limited organ recovery and equipment challenges. Similarly, 51%
of deceased donor kidney transplant (DDKT) programs faced
restrictions. Living donor liver transplant (LDLT) halted in 52%
of centers, while 57% of deceased donor liver transplant (DDLT)
programs operated unhindered. Only 36% of heart and 29% of
lung transplant programs remained unrestricted.

Mandatory RT-PCR testing for both donors and recipients
became standard. Most transplant centers initially halted sur-
geries if either party tested positive for COVID-19 [8] until
nuanced risk assessments distinguished between lung and non-
lung SOTs [9]. Cholankeril et al. found a 23.3% drop in waitlist
additions and transplant surgeries due to the pandemic, and a
26.2% increase in waitlist deaths [10]. Single-center ICU stud-
ies in 2020 revealed SOTRs faced higher severe disease risks
and mortality rates than non-SOTRs (39% vs. 6.1% respectively

for poor outcomes and 24% vs. 1.4%—4.3% respectively for
mortality). Non-SOTRs were defined as patients in the cohort
without medical history of solid organ transplantation [11-13].
Outcomes and immunosuppression adjustments depended on
organ type, symptom severity [11-13], and provider discretion,
with limited guiding data. Some studies found similar outcomes
independent of transplant status [14—17]. A 2021 study revealed
mortality rates in hospitalized SOTRs for COVID-19 declined
from 19.6 to 13.7% between early and late 2020, mirroring
trends in the broader population [18]. Other findings suggested
therapeutic improvements benefited both SOTRs and the gen-
eral population, as hospital mortality rates dropped from 25.6
in March 2020 to 7.6% in August 2020 [12-14, 19].

Persistent Positivity of COVID-19 RT-PCR

Recent 2023 data indicates that COVID-19 exhibits peak viral
loads in the respiratory system 2-3 days after symptom onset
[20, 98]. However, some experts suggest peak viral load may
occur even before symptom onset or within 1-2 days of symp-
toms [99]. The alpha variant’s median shedding duration ranges
from 8 to 15 days, with some cases exceeding 100 days [21-24].
Current data on continuously positive RT-PCR test results are
limited, mostly consisting of case reports and small retrospective
analyses. Factors for persistent nasopharyngeal positive results
include male gender, age, hypertension, immunosuppression,
severe COVID-19, and respiratory failure requiring mechanical
ventilation [25, 26]. Persistent viral shedding is presumably fre-
quent in immunocompromised individuals, occasionally extend-
ing beyond a year. To our knowledge, the patient presented in
this case has the longest reported duration of RT-PCR positivity
by the same viral variant [27, 28].

The Emergence of Medical Therapies
and Vaccines for COVID-19

Remdesivir, Dexamethasone, Tocilizumab,
and Baricitinib

The Food and Drug Administration (FDA) granted emer-
gency use authorization (EUA) for the first effective COVID-
19 antiviral treatment, remdesivir, in May 2020, which later
received full approval [29]. Initially prescribed for hospital-
ized patients with lower respiratory infections [29-31], the
regimen of a 200 mg loading dose followed by 100 mg daily
over 10 days showed faster median recovery (10 vs. 15 days)
and reduced mortality (14.3% vs. 15.2%) in the ACTT-1 trial
compared to standard care [29, 32]. Subsequently, a 5-day
course of the same drug was found to be non-inferior [31].
Notably, recent data indicates that remdesivir reduces mor-
tality in immunocompromised patients, a benefit persisting
throughout the pandemic’s duration [33].
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The RECOVERY trial in July 2020 showed that dexa-
methasone (6 mg daily for 10 days) reduced mortality rates
(from 25.7 to 22.9%) in hospitalized COVID-19 patients
with hypoxemia; there was no benefit and a trend towards
harm in patients without hypoxemia [34]. While anti-IL6
antibodies like tocilizumab had mixed results [35, 36], lead-
ing to a weaker recommendation in IDSA guidelines [37],
oral baricitinib consistently showed positive outcomes [38,
39]. The baricitinib dose is renally adjusted and used for
up to 14 days. The Center for Disease Control and Preven-
tion (CDC), American Society of Transplantation (AST),
National Institute of Health (NIH), American Association
for the Study of Liver Diseases (AASLD), and the Interna-
tional Society for Heart and Lung Transplantation (ISFLT)
agree that there is no evidence to support managing moder-
ate to severe COVID-19 differently in SOTRs [40-42, 43ee,
44, 45]. For SOTRs, special considerations are for drug
interactions and possible consideration of interruption of
immunosuppression (mycophenolate mofetil, mTOR inhibi-
tors, and azathioprine) when patients are admitted with mod-
erate/severe disease to decrease the risk of superinfection,
though data are limited [40-42, 4300 44 45].

The Rise and Fall of Monoclonal Antibodies

During the pandemic, the FDA issued now-revoked EUAs
for several SARS-CoV-2 targeting monoclonal antibodies,
including bamlanivimab (November 2020), casirivimab
plus imdevimab (November 2020), bamlanivimab plus ete-
sevimab (February 2021), sotrovimab (May 2021), and bebt-
elovimab (February 2022) [46, 47]. Concerns about their
efficacy in SOTRs given their immunosuppressed stats were
evaluated [48-50]. Klein and colleagues’ analysis showed
that 15% of SOTRs given these antibodies required hospi-
talization or emergency department visits, compared to 76%
who did not receive them (p <0.001), and no deaths were
observed in the treated group while there was 8% mortal-
ity in those untreated [50]. In a study involving 73 SOTRs
with mild to moderate COVID-19 who received monoclo-
nal antibody therapy, favorable outcomes were observed,
including low hospitalization rates or advanced respiratory
support requirements, and zero deaths or allograft rejec-
tion (p <0.05) [48]. A study on the efficacy and safety of
bamlanivimab and casirivimab-imdevimab in SOTRs with
mild to moderate COVID-19 found a 30-day hospitalization
rate of 8.7%, and no graft losses or deaths; a comparison
with SOT recipients who did not receive monoclonal anti-
body treatment suggested a potentially lower hospitalization
rate (odds ratio 0.49 [95% confidence interval 0.18—1.32],
p=0.16) [49]. Nevertheless, clinical use of monoclonal
antibody therapies was short-lived given viral evolution
and immunologic escape. Our patient received the contem-
poraneously authorized bamlanivimab, without requiring

@ Springer

hospitalization or additional therapy. While symptoms
resolved, the persistent positivity in our patient underscores
the complexity of monoclonal antibodies in clearing the
virus, particularly when both humoral and cellular immunity
are impaired and when mutations can still accrue over time,
leading to new SARS-CoV-2 isolates [47-51].

The monoclonal antibody combination tixagevimab/cil-
gavimab received EUA in December 2021 for pre-exposure
prophylaxis in immunocompromised patients, but by Janu-
ary 2023, the EUA was rescinded given the lack of efficacy
in neutralizing the SARS-CoV-2 variants circulating since
that time [39]. Therefore, there are currently no prophylactic
medical interventions outside of vaccination and exposure
avoidance for high-risk patients [42, 44, 45, 52].

Current Guidelines for Mild COVID-19 Infection
Management in SOTRs

According to the National Institutes of Health COVID-19 Treat-
ment Guidelines [53], high-risk non-hospitalized adults should
receive a 5-day course of oral nirmatrelvir (300 mg) combined
with ritonavir (100 mg) (NIM-RTV) twice daily or a 3-day IV
remdesivir treatment course if there are no limiting or unmanage-
able drug-drug interactions. If these are unavailable or contrain-
dicated, a 5-day course of oral molnupiravir was recommended
previously but is now de-emphasized in 2023 NIH treatment
guideline updates with remdesivir now preferred (BIla recom-
mendation) when NIM-RTYV is not an option; molnupirivir is
relegated to an option as an alternative therapy (ClIla recom-
mendation) [54]. For those with eGFR >30 but <60 ml/min/1.73
m2, the NIM component dosage should be halved, and it is not
recommended for eGFR below 30 ml/min/1.73 m>. NIM-RTV
has significant drug interactions, especially with some immuno-
suppressant therapies like calcineurin inhibitors and with antico-
agulation [55]. The PINETREE trial showed that remdesivir’s
efficacy is on par with NIM-RTV [56e]. Given its consistent
performance in studies focused on immunocompromised patients
[57, 58] and its absence of drug interactions, IV remdesivir is
often preferred for SOTRs; however, only a small fraction of
eligible patients receive it due to the difficulty of arranging and
having patients agree to 3 days of outpatient infusions [30, 41,
56e, 59]. The FDA updated remdesivir’s label, with remedesivir
use now on-label for every level of renal function [60].
Although the viral mutagen molnupiravir has not yet been
removed from NIH recommendations [61] and remains avail-
able in the USA when NIM-RTYV cannot be given and if a 3-day
outpatient course of remdesivir is not available, the marketing
authorization application for molnupiravir has been withdrawn
in Europe [62e¢]. Molnupiravir is a pro-drug of the degener-
ate base, N-hydroxycytidine, that once incorporated, can tau-
tomerize between a cytosine (C) or uracil (U)-like hydrogen
bond acceptor inducing transition mutations. Although this viral
mutagenesis is intended to generate “error catastrophe” [66], it
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demonstrably increases viral evolution and escape [65¢], as was
anticipated ab initio. Based on the relative inefficacy of mol-
nupiravir and the public health hazard posed by the acceleration
of mutational escape via in vivo saturation mutagenesis across
the SARS-CoV-2 genome [63, 64, 65, 66, 67], we strongly dis-
courage its use. For these problematic mutagenesis concerns and
due to insufficient evidence of efficacy in the SOTR popula-
tion, molnupiravir is not recommended for SOTRs by the AST,
NIH, AASLD, and ISHLT [40-42, 43ee, 53, 61]. Considering
its mechanism of action (viral mutagenesis) and the lack of evi-
dence for substantial benefit, including the negative PANARO-
MIC trial [64], the use of molnupiravir should be discouraged; it
is no longer approved for use in most European countries [62ee].

The Role of Vaccination and Prophylaxis Against
CoviD-19

A breakthrough in the management of the COVID-19 pan-
demic was achieved in December of 2020, with the EUA of
mRNA vaccines. Initially studied as a two-dose vaccine series,
the Pfizer-BioNTech and Moderna mRNA vaccine regimens
(30 pg per dose, 21 days apart, and 100 ug per dose, 28 days
apart, respectively) showed a comparable 94-95% efficacy in
preventing symptomatic COVID-19 infection [68, 69]. Both
vaccine trials reached primary safety endpoints, and common
side effects were managed with over-the-counter analgesia
and antipyretics [68, 69]. Following the vaccine rollout in the
USA, cases of “breakthrough” SARS-CoV-2 infection were
reported to the CDC by May 2021 [70], suggesting that immu-
nity from vaccination or past infection could wane over time.

Initial vaccine label-generating trials excluded SOT recipi-
ents due to their immunosuppressive status [68, 69]. Subse-
quent vaccine trials post-FDA approval demonstrated efficacy
and safety data concerning SOTRs. These trials showed strong
efficacy in immunocompetent individuals, but immunocom-
promised patients, such as SOTRs, had attenuated immune
responses as is the case for other vaccines. Initial data indi-
cated a higher breakthrough infection rate in SOTRs post-two
mRNA vaccine doses, highlighting reduced protection against
infection [71-74]. An 82-fold increased risk of infection was
observed in a study of 18,215 vaccinated SOTRs [70, 71].
Immunosuppressive drugs, specifically mycophenolate
(MPA), affecting B and T-cell activation, were associated with
lower post-vaccination seroconversion rates [72, 73]. Induction
therapies (high doses of immunosuppression given in the peri-
operative period of SOT) were also associated with reduced
vaccine response (measured by antibody titers) [75, 76]. Inter-
rupting MPA might enhance booster dose outcomes [76, 77].
Short-term interruption of immunosuppression in autoimmune
disease patients has resulted in short-lived enhanced antibody
titers to the booster dose, with no intervention-related serious
adverse events [79]. Similar approaches of holding antimetabo-
lites in kidney transplant recipients around the fourth vaccine

dose administration have yielded higher rates of seroconver-
sion [78, 79]. However, no consensus exists for adjusting or
holding immunosuppression during vaccination for SOTRs—a
potentially high-risk alteration of care given the potential for
organ rejection [74]. Consequently, current AST guidelines
advise against altering immunosuppression solely to improve
vaccine response [45, 80].

In observational cohort studies measuring humoral response
via antibody titers against the spike protein of SARS-CoV-2,
SOTRs displayed limited positive antibody responses after one
and two mRNA vaccine doses. Yet, a third dose significantly
increased the antibody titer, with manageable side effects and
heightened protection from severe COVID-19. Only 17% of
SOTRs mounted a positive antibody response after the first
dose of the mRNA vaccine. After the second dose, a significant
proportion (54%) had detectable antibody responses, although
titers were generally lower than in immunocompetent indi-
viduals [72-74, 81-83]. Enhanced T-cell responses after a
third dose led the CDC to advocate for an additional dose for
immunocompromised individuals [52]. The Novavax protein-
conjugate vaccine remains an option under EUA for patients as
an alternative to mRNA vaccines, as the mRNA vaccines have
progressed to full regulatory approval and are being updated
on an annual basis. Test-negative, case—control studies confirm
that while the vaccine efficacy (VE) had somewhat decreased
as the pandemic progressed, the vaccines remain effective com-
pared to other widely adopted vaccines [84].

The most recent guidelines from the CDC, AST, AASLD,
and ISLHT advise three initial mRNA vaccine doses and
at least one bivalent (or subsequent updated monovalent)
booster 2 or more months after the initial series [42,
43ee 52 80]. When feasible, vaccination should be
completed prior to transplantation or 1-3 months post-
transplantation to avoid high-dose immunosuppression’s
potential attenuation of a vaccine response [52]. Transplant
recipients are also advised to continue protective behaviors
(such as masking) post-vaccination [42, 80, 85].

Isolation Practices in COVID-19

According to guidance from the CDC [86], individuals who
are infected with COVID-19 but do not show symptoms or
have mild symptoms are advised to self-isolate for a mini-
mum of 5 days. Day 0 is considered the day symptoms first
appeared or when the positive test sample was collected for
asymptomatic individuals. Additionally, these individuals
are advised to wear masks until day 10. However, if a test-
based strategy is employed and the results are negative, they
may discontinue masking earlier. For individuals with mod-
erate or severe COVID-19, the isolation period should be
extended to at least day 10; in cases of severe COVID-19,
it is extended for up to 20 days. The same document rec-
ommends that individuals who are moderately or severely
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immunocompromised should self-isolate for a minimum
of 20 days, undergo serial testing, and seek guidance from
an infectious disease specialist before ending the isolation
period. These guidelines fail to address the problem of per-
sistent positivity. It remains unclear whether our patient
could have potentially spread the virus during his extended
period of positive testing, though we are not aware of any
evidence of spread to his contacts (Table 1).

The AST suggests that candidates with active COVID-19
be deferred transplantation, wait until complete symptom
resolution, and at least until one negative RT-PCR test for
SARS-CoV-2 [45]. When dealing with donors who have
resolved clinical COVID-19 but still test positive by RT-
PCR, the decision to proceed with transplantation is made on
a case-by-case basis [45, 87]. There are a growing number
of cases where non-lung organ transplantation from donors
with recent SARS-CoV-2 infection has occurred without
viral transmission and with positive short-term patient and
graft outcomes [88-93]. For non-lung donors who have
been exposed to SARS-CoV-2 but test negative, the safety
of organ donation is no longer a concern.

Our patient acquired the COVID-19 infection 4 months
following the transplantation and received the two-dose
mRNA-1273 vaccine 6 months following the initial posi-
tive test. This would have been considered late in light of the
guidelines discussed, though in his case vaccination timing
was affected by vaccine availability. Current guidelines do
not fully address the approach to vaccination in persistently
positive cases since there is limited to no evidence of vac-
cine effectiveness in this unique patient population.

Management of Prolonged SARS-COV-2 Viral
Shedding in Immunosuppressed Patients

Several case studies have reported persistent viral replication
in immunosuppressed patients [1ee, 2, 3,94, 95]. This appears
to be the case even in those treated with remdesivir. Hettle and
colleagues identified six patients who had persistent SARS-
CoV-2 infection [95]. All of them had hypogammaglobuline-
mia and underlying hematological malignancies. Previous
attempts to clear the virus with alternative treatments had
been unsuccessful. Additionally, serial analysis of viral load
and sequencing in these patients was indicative of ongoing
viral replication, as evidenced by cycle threshold values, the
accrual of mutations associated with variants of concern, and
the viral lineages being maintained throughout the course of
infections [2, 3, 94, 96]. They also reviewed the literature and
found 60 confirmed cases of persistent infection, along with
an additional 31 probable cases. Among all of these cases,
80% of patients treated with monoclonal antibodies were able
to clear the SARS-CoV-2 infection based on repeat RT-PCR
testing, and there were no reported deaths [2, 3, 94-96].

@ Springer

However, some SARS-CoV-2 viruses in immunocom-
promised patients treated with convalescent plasma have
experienced evolution and decreased sensitivity to neu-
tralizing antibodies while maintaining a similar level of
infectivity as the wild-type virus [96]. Genotypic varia-
tions have also been shown to increase in cases of longer
positivity with consistently high viral load, as illustrated
by genetic sequencing showing an increase in mutations
during periods of increased viral load. As the immune
response wanes and viral load increases, so does genetic
diversity—especially in cases of particularly prolonged
positivity [1ee 2 3 96]. Most concerningly, some vari-
ants identified in persistently positive patients show a
high percentage of polymorphisms present in the spike
protein-coding region consistent with adaptive evolution
that could facilitate evasion of vaccine or exposure-related
immunity. Corey et al. and Choi et al. reported that the
majority of the mutations discovered via genetic sequenc-
ing in their respective patients were present in the spike
gene and the receptor binding domain [1ee, 2]. These areas
are the target of many therapeutic neutralizing antibodies;
therefore, mutations are indicative of adaptive evolution.
Correspondingly, the consecutive samples from our patient
revealed multiple mutations in the spike and the nucle-
ocapsid genes (Table 2.), raising concerns about an adap-
tive variant that could potentially resist immune responses,
thereby becoming more prone to spread.

In conclusion, some immunocompromised patients
may test positive longer than the general population (at
least 20 days after initial infection), but recommendations
are limited to continued social distancing with frequent
re-testing until two consecutive negative tests have been
obtained [42, 43ee, 86]. The CDC also recommends serial
sequencing to identify variants of interest, but guidelines
do not specify how to address the issue of continued viral
replication [86]. Additionally, the correct approach for
patients who remain persistently positive, as was the case
in our patient, especially with respect to the need for pro-
cedures, pulmonary function testing, and other parts of
their routine SOT care remains unclear. Virally stimulated
T-cells to therapeutically target SARS-CoV-2 may hold
promise for those unable to clear the virus [97].

Back to the Case

Our patient experienced a relatively mild case of COVID-
19, limited to upper respiratory involvement alone, which
had no measurable impact on transplant-related outcomes
(Fig. 1). He was administered neutralizing monoclonal anti-
bodies (bamlanivimab), which may have aided symptom
management but did not stop continuous viral replication
for at least a year. Over time, the patient developed a virus-
specific immune response against viral antigens, but not
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the nucleocapsid; it is unclear if the partial seroconver-
sion represents a humoral response to the vaccine or stimu-
lation by the virus itself. Nevertheless, a degree of anergy
is evident (Table 1). Also, due to persistent positivity and
contemporary local infection control guidelines, the patient
could not undergo aerosolizing procedures (spirometry)
until they had two consecutive negative PCR-based tests.
Ultimately, exceptions were made in his case to obtain
spirometry (which was done specifically in a negative pres-
sure room and with additional PPE provision for the staff)
given the duration of his positive test results. To differenti-
ate whether this patient’s positive testing reflected the same
virus (as opposed to repeated infection with SARS-CoV-2),
his virus was sequenced, allowing us to determine that his
tests reflected the same variant undergoing mutational drift
(Table 2). Despite concerns about continuous viral shedding
throughout this time period and potential exposure for his
contacts, there was no objective evidence of disease trans-
mission despite close contact with family starting 3 weeks
after his COVID-19 diagnosis. Due to the risk of rejection
and recency of lung transplantation, the patient’s immuno-
suppression was not interrupted during his clinical course.

Conclusion

SARS-CoV-2 presents challenges for SOT patients given
their increased risk of severe disease and the decreased
efficacy of prophylactic and treatment interventions. Viral
replication may be prolonged in some SOTRs, leading to
persistently positive RT-PCR testing and the acquisition
of private mutations from ongoing viral replication and
immunologic escape. The COVID-19 pandemic highlights
the risk that highly transmissible infectious diseases pose
for immunocompetent and immunocompromised patients
alike. Therapeutic and prophylactic interventions can
decrease mortality, and infection control measures are
more complex in these patients. Persistent viral shedding
has been repeatedly documented in immunocompromised
patients such as ours and is of particular concern given
the potential for viral adaptation over time. Though mor-
bidity and mortality of COVID-19 infection have waned
over time as dominant variants have changed and therapies
have improved, and while governmental declarations of
emergency have ended allowing social practices to normal-
ize for most of the world, COVID-19 remains a persistent
clinical challenge, especially for SOTRs.
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