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An unvaccinated adult male heart transplant recipient patient with recalcitrant 
COVID- 19 due to SARS- CoV- 2 delta variant with rising nasopharyngeal quantita-
tive viral load was successfully treated with ALVR109, an off- the- shelf SARS- CoV- 
2– specific T cell therapy. Background immunosuppression included 0.1 mg/kg 
prednisone, tacrolimus, and mycophenolate mofetil 1 gm twice daily for historical 
antibody- mediated rejection. Prior therapies included remdesivir, corticosteroids, and 
tocilizumab, with requirement for high- flow nasal oxygen. Lack of clinical improve-
ment and acutely rising nasopharyngeal viral RNA more than 3 weeks into illness 
prompted the request of ALVR109 through an emergency IND. The day following the 
first ALVR109 infusion, the patient's nasopharyngeal SARS- CoV- 2 RNA declined from 
7.43 to 5.02 log10 RNA copies/ml. On post- infusion day 4, the patient transitioned to 
low- flow oxygen. Two subsequent infusions of ALVR109 were administered 10 and 
26 days after the first; nasopharyngeal SARS- CoV- 2 RNA became undetectable on 
Day 11, and he was discharged the following day on low- flow oxygen 5 weeks after 
the initial diagnosis of COVID- 19. The clinical and virologic improvements observed 
in this patient following administration of ALVR109 suggest a potential benefit that 
warrants further exploration in clinical trials.
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1  |  INTRODUC TION

Transplant patients, including heart transplant recipients, are at 
heightened risk for severe complications and death from COVID- 19.1 
Some immunosuppressive agents used to prevent graft rejection 
make patients more vulnerable to opportunistic infections, including 
viral infections such as SARS- CoV- 2.2,3 Moreover, the comorbidities 
frequently found in this population greatly increase the likelihood 
that SARS- CoV- 2 infections will have adverse outcomes. In a case 
series involving 99 heart transplant recipients with COVID- 19, nearly 
two thirds (64%) required hospitalization, and 15 (15%) died of com-
plications of COVID- 19.1 Other case series of heart transplant pa-
tients with severe COVID- 19 report fatality rates as high as 30%.3– 5

We report the case of a heart transplant recipient with intrac-
table severe- to- critical COVID- 19 treated with ALVR109, an in-
vestigational off- the- shelf T cell therapy consisting of partially 
HLA- matched, polyclonal (CD4+ and CD8+) SARS- CoV- 2– specific T 
cells expanded from the peripheral blood of convalescent healthy 
donors seropositive for SARS- CoV- 2.6,7 ALVR109 T cells were 
generated by in vitro stimulation with immunodominant SARS- 
CoV- 2 spike, membrane, nucleocapsid, NSP4, and AP7a proteins.8 
Although ALVR109 was developed to target the reference strain of 
SARS- CoV- 2 (NC_045512.2) originally identified in Wuhan, China, 
its recognition of multiple antigens reduces the risk of virus immune 
escape. In vitro, ALVR109 has shown the ability to target clinically 
important variants of SARS- CoV- 2, including Alpha, Beta, Gamma, 
Delta, Epsilon, and Kappa.8

2  |  C A SE DESCRIPTION

A 47- year- old unvaccinated male heart transplant recipient with a 
history of antibody- mediated rejection completed a 5- day course of 
remdesivir for moderate COVID- 19 secondary to B.1.617.2 (Delta) 
variant of SARS- CoV- 2 and was discharged without hypoxemia. 
Two days later, he experienced progressively worsening fatigue, 

shortness of breath, low- grade fever, and cough with clear sputum 
and re- presented with acute respiratory distress syndrome. A CT 
scan of the chest showed bilateral mid and lower lung pulmonary 
opacities, consistent with COVID- 19 pneumonia (Figure 1A). The 
patient required oxygen support by high- flow nasal cannula and 
pulse- dosed corticosteroids. Tocilizumab was administered on the 
following day for acutely worsening hypoxemia. At that time, the 
patient was IgG seropositive for anti- nucleocapsid IgG and indeter-
minate for IgM and IgG for all other targets including total spike, 
receptor binding domain (RBD), S1, and S2 (LABScreen COVID Plus, 
One Lambda).

The patient was 5½ years posttransplant and, due to a history of 
antibody- mediated rejection (AMR) of his cardiac allograft, outpa-
tient maintenance immunosuppression included the triple regimen 
of prednisone 7.5 mg daily (0.1 mg/kg/day), tacrolimus (goal trough 
5– 8 ng/ml), and mycophenolate mofetil 1 gm twice a day. To balance 
the competing risks from AMR history with the risks of antimetab-
olite prescription in COVID- 19, mycophenolate mofetil was reduced 
to 500 mg twice daily upon re- admission for Covid- 19.

After the failure of repeated attempts to wean the patient off high- 
flow oxygen support, we requested and received approval from our 
local institutional review board and the US FDA to administer ALVR109 
under a single- patient Emergency Investigational New Drug applica-
tion. Signed informed consent was obtained. Historical HLA typing of 
the patient and heart donor informed the selection of a suitable line 
of ALVR109 for the patient that matched at 4 of 8 HLA alleles. A total 
of three doses of ALVR109 (manufactured at the Center for Cell and 
Gene Therapy GMP facility, Baylor College of Medicine) were provided 
to administer a dose of 2 × 107 cells once every 14 ± 4 days.

On day 26 from first hospital presentation, despite interval se-
roconversion for all IgM and IgG targets except IgM anti- S2 (that 
remained indeterminate), the quantitative nasopharyngeal SARS- 
CoV- 2 viral load was actively rising to log10 7.42 copies/ml. Given 
the evidence of renewed viral replication and ongoing symptoms, 
the first dose of ALVR109 was administered. The infusion was un-
eventful with no signs of cytokine release syndrome or anaphylaxis 

F I G U R E  1  CT Scans of Patient's Lungs before and after Treatment. (A) Representative coronal image of patient's CT scan of the chest 
without contrast performed 12 days after initial diagnosis of COVID- 19 infection, illustrating severe mid- and lower- lung predominant 
bilateral ground glass opacities consistent with SARS- CoV- 2 infection. (B) Representative coronal image of patient's CT scan of the chest 
without contrast performed 1 month after initial diagnosis, illustrating evolution of COVID- 19 pneumonia; though mid-  and lower- lung 
predominant ground glass opacities are still present, they are interspersed now with reticular and consolidative changes

(A) (B)
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and no clinically significant changes in vital signs or adverse symp-
toms. By the following day, the patient's nasopharyngeal viral load 
declined to log10 5.02 copies/ml. As shown in Figure 2, the patient's 
viral load continued to decrease, with some dynamic variability, and 
his clinical status improved in the following days. On post- infusion 
day 10, the date of the second infusion of ALVR109, the patient's 
nasopharyngeal SARS- CoV- 2 viral load became durably undetect-
able. The patient was discharged the day after the second infusion 
on low- flow oxygen support, having achieved a second negative 
quantitative nasopharyngeal PCR. Given a persistent lower- lobe 
lung organizing pneumonia (Figure 1B), the patient continued to use 
nasal cannula as needed (3 L/min) and returned for a third infusion of 
ALVR109. Although the patient's viral load remained undetectable 
since the second ALVR109 infusion, he had not returned to baseline 
(pre- COVID) pulmonary status, highlighting the importance of early 
therapeutic intervention.

Given competing needs for corticosteroids for COVID- 19 and 
related organizing pneumonia, balanced with the risk of corticoste-
roids attenuating the effect of the virus- specific T- cell therapy, the 
prednisone- equivalent corticosteroid dose that had been acutely 
pulsed at 1– 3 mg/kg/day was stepped down to 0.5 mg/kg/day in 
preparation for ALVR109, lowered to 0.375 mg/kg/day upon first 
infusion, and lowered further to 0.3 mg/kg/day by the second infu-
sion. After the final infusion, the patient's prednisone dosage was 
returned to the pre- COVID dose of 0.1 mg/kg/day. A week after 
discharge, the patient no longer met the criteria for supplemental 
oxygen on ambulatory 6- min walk testing.

3  |  DISCUSSION

The armamentarium against COVID- 19 now includes a range of 
treatment options. For early outpatient use, there are three different 
anti- SARS- CoV- 2 monoclonal antibody products. For inpatient use, 
there is the RNA- dependent RNA polymerase inhibitor remdesivir, 
corticosteroids for those with hypoxemia, and possibly additional 
anti- inflammatory agents.9 Nevertheless, there remains a significant 
unmet medical need for interventions that can benefit higher- risk 
patients as well as those who have not responded to existing treat-
ment modalities. The need for agents with novel mechanisms of ac-
tion is made more urgent by the continuing emergence of new viral 
variants that may be resistant to available treatments. This unmet 
need is especially acute in immune- compromised patients such as 
those with a history of stem cell or solid organ transplantation who 
are dependent on immune- suppressive regimens, as well as cancer 
patients receiving chemotherapy. Some therapeutic strategies that 
involve untargeted immune stimulation may increase the risk of 
organ rejection and cytokine storm.

Accumulating evidence indicates that T cells play an important 
role in the immune response to SARS- CoV- 2 infection.10– 13 Over 
80% of hospitalized patients with COVID- 19 are lymphopenic,14 
with reduced CD8+ and CD4+ T- cell counts that correlate nega-
tively with survival.10,11 Reduced T- cell counts are particularly prev-
alent in older COVID- 19 patients and those admitted to the intensive 
care unit.10 In organ transplantation recipients, the use of immuno-
suppressive agents targeting cellular immune signaling pathways 

F I G U R E  2  SARS- CoV- 2 Nasopharyngeal RNA Over Time. Initial diagnosis of SARS- CoV- 2 infection was made using a non- quantitative 
nasopharyngeal test. The black line represents nasopharyngeal SARS- CoV- 2 RNA over time since the first quantitative test was administered 
4 days before ALVR109 treatment. LOD, limit of detection [Color figure can be viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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inhibits rejection mediated by the patient's immune response and 
is critical to graft survival.15 These patients are at higher risk of se-
vere or fatal COVID- 19 due to reduced T cell counts.1,4,5 Several 
groups are exploring the possibility of treating COVID- 19 using the 
adoptive transfer of SARS- CoV- 2– specific T cells from convalescent 
donors.16−18 This work is based on decades of research on the use 
of adoptive VSTs for the treatment of refractory and opportunis-
tic infections in immunocompromised patients, such as those who 
have undergone transplantation.19– 21 The present case is the first 
time such a therapy has been used to treat a solid- organ transplant 
recipient with COVID- 19 due to SARS- CoV- 2 infection.

ALVR109 is designed to arrest the progression of COVID- 19 by 
eradicating SARS- CoV- 2 virus- infected cells by supplying SARS- CoV- 
2– specific T cells. ALVR109 was developed employing an approach 
that has been successfully used to make virus- specific T cell products 
for treating or preventing viral infections in other contexts. Posoleucel 
(ALVR105), which is made up of T cells specific for opportunistic in-
fections that occur following allogeneic stem cell or solid organ trans-
plants, has been shown to be safe and effective against Epstein- Barr 
virus, adenovirus, cytomegalovirus, BK virus, and human herpesvirus 
6.22 Like posoleucel, ALVR109 is intended for patients matched at a 
minimum of 2 HLA alleles to the patient and/or donated organ. Given 
that it is restricted to memory T cells specifically targeting SARS- 
CoV- 2, ALVR109 does not produce a generalized boosting of immune 
function, which may reduce the risk of off- target effects in transplant 
patients, such as rejection, graft versus host disease, and cytokine 
storm. However, many questions concerning the management of 
COVID- 19 in transplant patients remain unanswered, including best 
practices for the adjustment of maintenance immunosuppression.

In this report, we have described the case of an immunocom-
promised patient with persistent SARS- CoV- 2 delta variant infection 
who was treated with ALVR109, an off- the- shelf SARS- CoV- 2– 
specific T cell therapy. The elimination of the infection following 
the first infusion of ALVR109 is suggestive of a robust virologic re-
sponse, but confirmation of the safety and efficacy of ALVR109 in 
patients with COVID- 19 will require further evaluation in random-
ized, controlled clinical trials.
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