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A case report of prolonged viral shedding =2
of SARS-CoV-2 in a patient who receive ibrutinib

for CLL therapy
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Abstract

shedding

Patients on B cell immunosuppressive treatments have been shown to have persistent infection of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). In this report, a woman treated with ibrutinib for chronic lympho-
cytic leukemia experienced more than 40 days of coronavirus disease 2019 (COVID-19) infection. Unexpectedly, her
peripheral blood experiments showed a normal SARS-CoV-2-specific antibody level and a relatively elevated percent-
age of CD19+ B cells, while an obvious decrease in the percentages of NK cells, CD4 +T cells and CD8+T cells. Further
SARS-CoV-2-specific T cell analysis in this patient indicated a significant decrease in the percentage of SARS-CoV-
2-specific IFN-y, TNF-a or IL-2 producing CD4+T or CD8+T cells. Most notably, ten days after the cease of ibrutinib,
the PCR for SARS-CoV-2 turned negative and the reduced proportions of peripheral CD4+T cells and CD8+T cells
recovered. Our research predicted that the depleted B-cell function therapies may play considerable role in the devel-
opment of long COVID-19 and the abnormal T-cell subset distribution might be the underlying mechanism.
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Introduction

The duration of viral shedding of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is usu-
ally less than two weeks. Patients with hematological
malignancies, especially chronic lymphocytic leukemia
(CLL) are often on therapeutic drugs that suppress the
immune system, putting them at a particularly high risk
for persistent viral replication or severe secondary infec-
tions when infected with SARS-CoV-2 [1-3]. Ibrutinib
is a potent Burton’s tyrosine kinase (BTK) inhibitor and
has been used in different B cell malignancies, includ-
ing CLL [4-7]. It has aroused heated clinical and scien-
tific debate about whether the CLL patients infected with
COVID-19 should maintain or discontinue ibrutinib
treatment. In this scenario, the scholars who advocated
ibrutinib discontinuation believed that the immunosup-
pressive activity of ibrutinib might bear responsibility
for viral persistence and exacerbate secondary infection
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in susceptible patients [8—10]. The decision to continue
ibrutinib was supported by data suggesting that BTK
inhibition might mitigate the cytokine storm which was
associated with a series of complications, including lung
injury, DIC, and myocardial complications [8, 11, 12].

Here, we describe a patient who developed persistent
symptomatic COVID-19 infection for more than forty
days. The patient had a past history of CLL for which
she had been receiving ibrutinib monotherapy for two
years prior to the onset of symptoms of COVID-19. Ini-
tially admitted to another hospital and during twenty-day
treatment period, the patient was instructed to continue
taking ibrutinib to prevent tumor recurrence. However,
Polymerase Chain Reaction (PCR) from nasopharyngeal
specimens remained positive results for SARS-CoV-2.
Contrary to previous studies that indicated decreased B
cell levels and IgG levels during ibrutinib exposure [13,
14], this patient’s B cell counts and neutralizing antibody
profiles for COVID-19 were comparable to those of con-
valescent patients. After creasing ibrutinib and receiving
comprehensive treatment for approximately ten days, the
SARS-CoV-2 PCR on the nasopharyngeal swab turned
negative result. Specifically, we observed a notable recov-
ery in the percentages of NK cells, CD4+ T cells, CD8+
T cells. Our findings suggest that impaired antiviral T cell
responses to SARS-CoV-2 may underlie viral persistence,
and we discussed the scientific rationale for discontinu-
ing ibrutinib in CLL patients with persistent COVID-19
infection.

Methods

Data were collected from electronic health records.
The diagnosis of COVID-19 was confirmed through
PCR analysis of nasopharyngeal swabs using the SARS-
CoV-2 assay from Roche and the Cobas 6800/8800 sys-
tem. Plasma samples were analyzed for SARS-CoV-2 IgG
using pseudovirus neutralization assays as described pre-
viously [15]. To detect SARS-CoV-2-specific CD4+and
CD8+T cells, peripheral blood mononuclear cells
(PBMCs) were isolated from blood, and 1x10° PBMCs
were stimulated with SARS-CoV-2 S protein in 200 pl
in 96-well U-bottom plates (Corning, PA, USA) in a 5%
CO, incubator at 37 °C for 20 h. To assess antigen-spe-
cific intracellular cytokine levels, including TEN-a, IFN-y
and IL-2, GolgiStop (BD Bioscience) was added 14 h after
SARS-CoV-2 S protein stimulation, and the obtained
cells were stained for phenotypic lymphocyte markers.

Results

A 68-year-old woman without SARS-CoV-2 vaccination
developed symptoms including fever, progressive short-
ness of breath, and cough. On January 17, 2023 (day
8 of her illness), she sought medical attention at a local
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hospital. The patient had previously been diagnosed with
CLL and had been receiving ibrutinib as a maintenance
therapy for two years prior to the onset of her COVID-
19 symptoms. A chest computed tomography (CT) was
performed at the local hospital on January 19, 2023,
revealed multiple ground glass nodules in bilateral lungs,
which were characteristic findings of COVID-19. A naso-
pharyngeal specimen tested positive for SARS-CoV-2 via
PCR assay, and her oxygen saturation levels of periph-
eral artery were below normal. During her hospitaliza-
tion, she continued to receive ibrutinib for her CLL as
well as a 7-day course of azvudine (5 mg/day). She was
also administrated low doses of corticosteroids (specific
details were not available), and medications to alleviate
cough, phlegm and asthma. Despite these treatments, her
body temperature continued to fluctuated, and her res-
piratory symptoms progressively worsened. Remarkably,
a follow-up chest CT scan on February 5 showed signifi-
cant progression with bilateral diffuse ground glass opac-
ities. Additionally, a new nodular lesion was identified in
the upper lobe of the right lung. Subsequently, the patient
was discharged from the local hospital on February 10
(day 32 of her illness) and transferred to our hospital on
February 17 for further treatment.

A nasopharyngeal swab performed on February 17
continued to yield positive results by RT-PCR, with
detection of the ORFlab gene (Ct 28.51) and the N gene
(Ct 23.10). Blood tests showed moderate leukocytope-
nia and thrombocytopenia (3.0*1079/L and 82.0*10"9/L,
respectively), lymphopenia(0.6*1079/L), elevated lev-
els of CRP (93.30 mg/L), interleukin-6 (11.7 pg/ml), and
ferritin (1733.00 ng/ml), as well as significant hypogam-
maglobulinemia for IgA, IgG, IgM and IgE (0.268 g/],
4.67 g/, 0.182 g/l and<19.4 IU/ml, respectively). The
peripheral blood flow cytometry revealed a reduction in
NK cells (7.16%), CD4+T cells (17.71%), and CD8+T
cells (12.65%), though the CD4+/CD8+cell ratio was
within normal range (1.4). Unexpectedly, the percent-
age of CD19+ B cells did not decrease (54.32%). Notably,
serological testing showed that the levels of neutralizing
antibodies in this patient for multiple Omicron variants
were detectable and very high (Table 1), aligning with
prior evidence of no significant decline in CD19+B cell
percentages. As seen in Table 2, Table 3 and Table S1,
after stimulated with the S protein of omicron or wild-
type strain, we observed deficiency in naive T cells and
B cells, no significant differences in the proportion of T
effector cells (Teff) or CD4+, CD8+ effector memory
T cells (Tem) and plasma cells between our patient and
healthy controls who received two doses of the inacti-
vated vaccine [15]. However, the percentage of SARS-
CoV-2-specific IFN-y-producing CD4+T or CD8+T
cells was lower in our patient. All microbiologic tests for
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Table 1 The dynamics testing of neutralizing-antibody profiles for SARS-CoV-2 RNA

variants WT BA.2 BA.5 BA.7 BQ.1.1 CH.1.1 XBB.1.5
February 18 68.44 7995.90 14,817.72 1790.04 29.17 839.68 47.17
February 28 3642 7014.51 17,785.96 3025.27 113.21 366.57 15.95
Table 2 The viral-specific T cell response in this patient after stimulation by omicon strain

Cell Sorting Tem Tcm naive T Teff IFN+ TNF+ IL2+
CD3+/CD4+ 70.1% 21.2% 2.92% 5.84% 0.10% 0.36% 0.36%
CD3+/CD8+ 32.6% 2.71% 3.98% 60.7% 0.8% 0.8% 0.96%
Tem, effector memory T cell; Tcm, central memory T cell; Teff, effector T cell

Table 3 Viral-specific T cell response in this patient after stimulation by Wildtype strain

Cell Sorting Tem Tem naiveT Teff IFN + TNF + IL2+
CD3+/CD4+ 75.0% 17% 151% 6.47% 0.12% 0.79% 0.12%
CD3+/CD8+ 37.3% 321% 3.11% 56.4% 0.051% 1.07% 0.36%

Tem, effector memory T cell; Tcm, central memory T cell; Teff, effector T cell

other respiratory pathogens showed negative results. The
(1/3)-B-D-glucan test, GM test, latex agglutination test
and the interferon-gamma release assay for tuberculosis
were all negative. The levels of procalcitonin were normal
and the blood culture was negative for fungus, bacteria,
and anaerobes. At admission, treatment with dexameth-
asone was initiated, followed by a prolonged tapering
corticosteroid regimen. Meanwhile, a second course of
antiviral treatment (molnupiravir; 800 mg, twice a day,
for 5 days) and intravenous piperacillin-tazobactam were
administered. She also received supportive and sympto-
matic treatments including intravenous immunoglobulin,
low-molecular-weight heparin, leucogen and ambroxol
hydrochloride tablets (Table 4). After an interdisciplinary
discussion with hematologist, the patient was asked to
cease ibrutinib on the second day of her admission. The
enhanced chest CT examination on February 20 showed
bilateral diffuse ground glass opacities and the lesions in
the dorsal segment of the left lower lobe trended towards
consolidation. A lump was identified in the upper lobe
of the right lung, with a diameter of about 3.2 cm and
obvious enhancement at the edge. Burr-like changes
and pleural traction were seen at lower edge of the lump
(Fig. 1). For this reason, we consulted an interventional
radiologist for their opinion about whether it was nec-
essary to perform a puncture examination on the lump
and were advised to strengthen the anti-infection therapy
first. Therefore, Piperacillin-Tazobactam was replaced
with imipenem on the fifth day of hospitalization. The

SARS-CoV-2 RNA became undetectable on February
24 (the 8th day of her admission, 43 days after her initial
symptoms), and remained negative on February 28. The
follow-up peripheral blood flow cytometry on Febru-
ary 28 revealed a recovered NK cells (14.19%), CD4+T
cells (29.74%), CD8+T cells (45.09%), and an inversion
of the ratio of CD4+/CD8+cells (0.81). Significantly,
the percentage of CD19+ B cells returned to 9.71%. The
neutralizing antibody levels for SARS-CoV-2 detected
in the repeated serologic test on February 28 are com-
parable to those on February 18 (Table 1). After about
10 days of treatment including the anti-infection therapy
(Imipenem and Cilastatin Sodium, 1 g, iv, every 8 h
aday), intravenous immunoglobulin (5 g, ivgtt, once a day),
glucocorticoid (Dexamethasone, 3 mg, iv, once a day, for
three days, then switch to prednisone acetate; 15 mg,
po, once a day, tapering by 1 tablet every 3 days), low-
molecular-weight heparin (4000 IU, ih, once a day) and
ambroxol hydrochloride tablets (30 mg, po, three times
a day), multiple indicators significantly improved in
blood tests (Table 4). A follow-up CT scan on March 1
showed a resolution of bilateral inflammation. Moreo-
ver, the solid lesions in the upper lobe of the right lung
transformed into air space opacities with gas-fluid levels
(Fig. 1). Her general condition continued to improve, and
she was finally discharged to home on March 2 (day 49) of
her illness. Since then, the patient has been well without
recurrence of symptoms and the PCR for SARS-CoV-2
remains to be negative. One month later, she became able
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Table 4 The most relevant clinical findings and drugs used for treatment

374 375 372 36.5 36.4 37.1 372 36.8 36.6 36.5 36.8 36.4 36.6

Tmax (°C) 383

CRP mg/L 933

‘WBC X 10°/L 3.0

LYMX10°/L 0.6

PLTX10°/L 77

IL-6 11.7

RT-PCR for positive positive
COVID-19

Drugs Molnupiravir tablets 800mg bid po

Piperacillin-tazobactam
4.5g ivgtt q8h

Dexamethasone
3mg intravenous injection qd

23.2
45
2.0

103

8.3

Tienam 1.0g ivgtt q8h

Ambroxol hydrochloride tablets
30mg tid po

Prednison
5mg qd po

Prednison
10mg qd po

Low-Molecular-Weight Heparin
4000iu qd subcutaneous injection

Leucogen tablets 20mg tid po

Intravenous immunoglobulin

5givgtt qd

T max maximum temperature, CRP C-creative protein, WBC white blood cell, PLT platelet, LYM lymphocyte, IL-6 Interleukin-6

to resume maintenance treatment with ibrutinib for CLL.
Nowadays, the patient has been able to restart her active
lifestyle.

Discussion

The viral shedding of SARS-CoV-2 from upper respira-
tory specimens declines after initiation of symptoms
and turned negative around 10 days after infection
[2]. However, immunocompromised population, espe-
cially patients with hematologic malignancies have
been reportedly shed the active virus for longer periods
[16, 17]. We described a case of a hematologic patient
on ibrutinib monotherapy who experienced persistent
COVID-19 infection. We ruled out reinfection or viral
evolution, as all nasopharyngeal samples showed Ct
values below 30 when SARS-CoV-2 RNA was positive,
and neutralizing antibody levels mirrored changes in viral
RNA clearance. Our investigation then focused on the
patient’s humoral and cellular immunity, revealing that
despite a deficiency in naive B cells, the patient exhibited
levels of plasma cells and neutralizing antibodies compa-
rable to those in recovered patients with similar disease

courses. We also noted a temporary decrease in periph-
eral CD4+and CD8+T cells, which returned to nor-
mal after cessation of ibrutinib. Additionally, our patient
showed reduced production of IL-2, IFN-y and TNF-a in
SARS-CoV-2-specific CD4+and CD8+T cells, indicat-
ing impaired T response.

The immunologic factors associated with chronic
SARS-CoV-2 infection, such as CD4+lymphopenia
and B-cell aplasia, are distinct from those observed in
acute severe COVID-19 infection. Hao et al. studied
104 COVID-19 patients and reported that decreased T
cells and B cells were linked to prolonged viral shedding
of SARS-CoV-2 [18]. Initially, we assessed our patient’s
neutralizing antibody profiles to explore whether ibru-
tinib, which can potentially impair humoral immunity,
might influence the magnitude and duration of viral
RNA shedding. The results showed that despite the
patient’s deficiency in naive B cells, their levels of neu-
tralizing antibodies against COVID-19 and plasma cell
counts were normal. There is limited data on how BTKi
affect neutralizing antibody levels in hematologic dis-
order patients post COVID-19 infection, but studies
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Fig. 1 Radiological characteristics on chest CT. A Enhanced chest CT images taken on February 20 revealed diffuse ground glass opacities
in both lungs and partial consolidation in the dorsal segment of the left lower lobe. A nodular lesion of about 3.2 cm was found in the upper
lobe of the right lung(red arrow). Left: images of the lung window; Right: images of the mediastinal window. B Follow-up enhanced chest CT
was performed on March 1, indicating that the opacities were gradually resolving, and the solid lesions in the upper lobe of the right lung
had shrunk to 2.8 cm and turned into air space opacities with fluid accumulation (red arrow). Left: images of the lung window; Right: images

of the mediastinal window

have shown increased Spike-IgG levels in serum after
five COVID-19 vaccine doses in some ibrutinib-treated
patients [19]. This variability may arise from patient het-
erogeneity or immune reconstitution, as Sun noted par-
tial restoration of normal B cells and humoral immunity
in CLL patients treated with ibrutinib [13]. Another pos-
sible reason for our patient’s high Spike-IgG levels could
be that sampling for neutralizing antibody detection was
performed one month after the initial onset of symptoms,
a period was sufficient for activating humoral immunity
and generating neutralizing antibodies. Furthermore,
Ibrutinib significantly impacted the production of naive
B cells in this patient, while memory B cells and plasma
cells were less affected.

Given the abnormal T-cell subset distribution and
function reported in CLL [18], an alternative explanation
for prolonged viral shedding in our patient could be an
impaired antiviral T-cell response to SARS-CoV-2. We

observed a decreased proportion of peripheral CD4 +and
CD8+T cells and a poor T-cell response to SARS-CoV-2
in our patient. These findings align with other studies
that have indicated impaired T-cell responses in some
patients with severe symptoms or poor viral control
early in the disease course [20, 21]. The compromised
T-cell response in our patient’s peripheral blood may be
attributed to the tumor clone, which can disrupt T-cell
subgroup balance and impair T-cell-mediated immune
responses, or to ibrutinib reducing granzyme and IFNy
in CD8+T cells [19]. This latter possibility is supported
by the observed recovery of CD4+and CD8+T cells fol-
lowing cessation of ibrutinib. Further studies are neces-
sary to confirm or differentiate between these potential
causes of persistent viral shedding in more COVID-19
cases.

Many studies have reported persistent COVID-19
infection in patients with undergoing B-cell depletion
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therapy for hematologic malignancies, which can
result in humoral defects [22-24]. However, our find-
ings point to immune dysregulation characterized
by impaired T cell responses as a causal factor in the
development of long COVID-19 and developed infec-
tion lesions in the lungs. This also raises the contro-
versy of whether ibrutinib therapy has an impact on the
disease course and outcome in SARS-CoV-2 infected
patients. We suggest that for such patients, it may be
advisable to consider continuing BTKi therapy to man-
age underlying conditions only after controlling viral,
bacterial, fungal, or other pathogenic infections. How-
ever, there are some contrary reports suggesting that
BTKi can suppress excessive inflammatory responses
and reduce the risk of severe infections of COVID-19
[8]. Hence, personalized treatment is essential for dif-
ferent patients. Future studies should aim to elucidate
the immunologic defects associated with this clinical
phenomenon, beyond the risk identified in our report
related to BTKi treatment. Meanwhile, resuming anti-
viral treatment in immunocompromised patients with
prolonged COVID-19 viral shedding should also be
considered as a favorable factor for patient’s recovery.
Taken together, our results seem to support the prog-
nostic values of monitoring SARS-CoV-2-reactive anti-
bodies and analyzing SARS-CoV-2-specific T cells in
patients receiving ibrutinib for CLL therapy.
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