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The role of T cells in the pathogenesis of acute coronavirus disease-19 (COVID-19) and the subsequent
establishment of short-term and long-term immune response to the natural infection and to vaccination is
under intense investigation.1-3 It is generally agreed that a coordinated humoral and cellular immune
response plays a key role in protection from disease.4-7 In this context, we examined the study by Dhakal
et al,8 which describes the immune response to COVID-19 vaccinations in patients who have received
an allogeneic hematopoietic cell transplantation or chimeric antigen receptor T-cell therapy (CART). Their
results are concordant with those of the studies by Ram et al9 and Parvathaneni et al.10 They found that
the humoral response to vaccination was obtunded in CART patients with ongoing B-cell aplasia,
although Dhakal et al did not have information on B-cell counts or nor did they measure T-cell responses,
whereas Ram et al and Parvathaneni et al found that some CART patients demonstrated a good in vitro
T-cell response in the absence of a response to serum antibodies. We report a case that further high-
lights the crucial role of the T-cell response in controlling severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), with potential implications for how immune responses are best monitored in the CART
patient group.

A 16-year-old male with Down syndrome–related CD191 acute lymphoblastic leukemia (ALL) received
tisagenlecleucel CART therapy on the CASSIOPEIA trial (this trial was registered at www.clinicaltrials.
gov as #NCT03876769 [CCTL019G2201J]) for persistent flow cytometric minimal residual disease of
0.2% after induction and consolidation therapy according to UKALL 2019 guidelines. He had several
preexisting conditions: epilepsy, high body mass index, obstructive sleep apnea, recurrent folliculitis, and
parathyroid adenoma with mild hypercalcemia. He had several complications associated with ALL ther-
apy, including non–insulin-dependent diabetes requiring metformin and neuromyopathy related to treat-
ment with dexamethasone and vincristine, which had resolved or were improving before CART therapy.
His immediate course of treatment after CART therapy was uncomplicated apart from prolonged neutro-
penia and thrombocytopenia, and at 12 months, he was in flow cytometric minimal residual
disease–negative remission with ongoing B-cell aplasia. He had started monthly intravenous immuno-
globulin (Ig) infusions at 3 months after CART therapy and was maintaining pre-infusion IgG levels of
.4 g/L.

Seven months after receiving CART therapy, he presented to his local hospital with fever, cough, tachyp-
nea, and a requirement for oxygen (Table 1). He was found to be positive for SARS-CoV-2 by polymer-
ase chain reaction (PCR), and computed tomography of his chest showed changes consistent with
COVID-19 pneumonitis. He required escalation of therapy to receive continuous positive airway pressure
support in the intensive care unit. After discussion among multidisciplinary caregivers, he received 5 days
of intravenous (IV) remdesivir and 10 days of IV dexamethasone. He had 2 more episodes over the next
3 months that also required brief admissions to the intensive care unit, with superadded bacterial and
Aspergillus infections associated with the third visit. For the second admission, he received the same
treatment as during the first, but given his immunocompromised state and the recurrence of symptoms,
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tocilizumab (a single dose of 8 mg/kg) was added to control the
inflammatory component present at the second visit along with 500
mg of nitazoxanide twice per day. For the third admission, he
received an additional 5 days of IV remdesivir, and additional antibi-
otics and antifungals to treat the superadded infections. Forty days
from the third episode, he had no respiratory symptoms and was
negative for SARS-CoV-2 via PCR testing on 3 consecutive once-
per-week throat and stool samples.

Because there was no measurable SARS-CoV-2–specific anti-spike
antibody in his serum, we investigated whether he had mounted a
T-cell response to the virus. Separated peripheral blood mononu-
clear cells from the patient were isolated from lithium heparin blood

and then assayed as shown in Figure 1. The cells were cultured for
72 hours with media alone, with the addition of phytohemagglutinin
as a positive control, or in the presence of peptides to SARS-CoV-
2 spike, nucleocapsid, and membrane proteins. Cells were then
pulsed with tritiated thymidine, and incorporation of tritium into prolif-
erating cells was measured by scintillation counting. The results are
the means of duplicate tests; proliferation to spike antigen was
7857 counts per minute (cpm), to membrane antigen was 5876
cpm, and to nucleocapsid antigen was 7119 cpm. The mean prolif-
erative response in 4 health care workers, after symptomatic SARS-
CoV-2 PCR-positive infection were 4906 cpm to spike antigen,
7260 cpm to membrane antigen, and 5551 cpm to nucleocapsid

Table 1. Timeline of events and laboratory investigations after CART therapy

Days after

COVID

infection B-cell or lymphocyte count

Length of

hospital stay

with COVID

pneumonitis

(d)

Treatment received for COVID

pneumonitis

SARS-CoV-2 IgG status

via PCR assay T-cell response assay

–200 Complete B-cell aplasia, measured at days
–200, –46, 117, 152, and 1108 from
first admission with COVID
pneumonitis. Lymphocyte count ,1 3
109/L at all of these time points

0 10 Remdesivir (5 d) plus dexamethasone (10 d) PCR-positive

17 19 Remdesivir (5 d) plus dexamethasone (10 d)
plus tocilizumab (1 dose) plus nitazoxanide

PCR-positive

70 16 Remdesivir (5 d) plus meropenem (Klebsiella
in bronchoalveolar lavage) plus
amphotericin B/voriconazole (increased
galactomannan)

PCR-positive

110 PCR-negative in stool and
nasopharyngeal aspirate

128 Persistent B-cell aplasia, lymphocyte count
1.38 3 109/L

SARS-CoV-2 IgG negative
in serum

Good proliferative
response to spike,
nucleocapsid, and
membrane proteins

PCR, polymerase chain reaction.
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Figure 1. Assay used to assess patient’s T-cell response. Ag, antigen; PBMC, peripheral blood mononuclear cell; PHA, phytohemagglutinin.
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antigen. We showed that he had proliferative responses to spike,
nucleocapsid, and membrane proteins in the assay that are compa-
rable to those of healthy controls with no known immunologic dys-
function. The batch of Ig infusion he was receiving for replacement
therapy tested negative for SARS-CoV-2 spike and nucleocapsid-
specific antibody.

To our knowledge, this is the first report of a CART patient who
cleared SARS-CoV-2 despite ongoing severe B-cell aplasia and
lack of a humoral response. We did not have samples to test T-cell
responses at earlier time points, so it is possible that viral clearance
may have been in part achieved by the antiviral drugs he received
for the last episode of pneumonitis.11 However, the presence of
strong T-cell responses to all 3 viral proteins in the in vitro assay
coinciding with in vivo viral clearance provides strong circumstantial
evidence that cell-mediated immunity, along with innate immunity,
was the primary mechanism for viral control. Antibody testing does
not provide a complete measure of immunity to SARS-CoV-2 infec-
tion (and, by extrapolation, vaccination) in patients incapable of
mounting a humoral response. Studies in this context must include
T-cell responses to determine the presence or absence of immunity.
Development of well-validated clinical assays for assessing in vitro
T-cell immunity to SARS-CoV-2 will be of use in assessing immunity
to SARS-CoV-2 in immunocompromised patients.

Recent literature9,10 has shown that patients with complete B-cell
aplasia can mount T-cell responses to messenger RNA (mRNA)
vaccines, suggesting that T-cell–driven immunity is possible in this
patient group. Our case study supports the fact that T-cell
responses to SARS-CoV-2 infection and vaccination are central in
patients with B-cell aplasia and also suggests that T-cell responses
can lead to viral clearance. Whether T-cell responses triggered by
mRNA vaccines are functionally equivalent to those resulting from
natural infection and in vitro correlates of protection or viral clear-
ance warrants further investigation.:
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