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a b s t r a c t 

Although messenger ribonucleic acid vaccines are substantially effective toward SARS-CoV-2 infection, 

patients with hematologic malignancies are still prone to the virus. Herein, we report a fatal case of 

breakthrough SARS-CoV-2 Delta variant infection in a patient with mucosa-associated lymphoid tissue 

lymphoma with remission by bendamustine-rituximab (BR) therapy completed a year ago. The serologic 

study revealed impaired responsiveness toward vaccines and prolonged high viral load after infection. BR 

therapy seemingly induced an immune escape. Prevention and treatment strategies for such vulnerable 

patients should be clarified immediately. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Patients with hematologic malignancy are at high risk for 

eveloping critical COVID-19 because of immunologic unrespon- 

iveness toward SARS-CoV-2 vaccines ( García-Suárez et al., 2020 ; 

reenberger et al., 2021 ). Establishing strategies for treating such 

atients has not yet been addressed. We report a fatal, critical case 

f COVID-19 after two messenger ribonucleic acid (mRNA) vaccine 

oses, which has been validated by detailed serologic, virologic, 

nd cytokine kinetic studies. 

ase report 

Herein, we present an Asian man in his 70s, who had re- 

eived six courses of bendamustine-rituximab (BR) therapy (rit- 

ximab 375 mg/m 

2 [day 1], bendamustine 90 mg/m 

2 [days 1 

nd 2]) for stage 3 mucosa-associated lymphoid tissue (MALT) 

ymphoma. Chemotherapy was completed 1 year before hospi- 
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al admission. Positron emission tomography/computed tomogra- 

hy (PET/CT) performed 8 months before the admission revealed a 

omplete metabolic response of the lymphoma lesions, and there 

as no evidence of relapse since then. His total lymphocyte count 

nd total serum IgG level were within normal limits during outpa- 

ient visits. 

His clinical course is shown in Supplementary Figure. The pa- 

ient developed a fever at home 11 days after his second dose of 

he mRNA vaccine BNT162b2 (disease day 0). On disease day 10, 

e was transferred by ambulance from home to our hospital ow- 

ng to his worsened status. On arrival, his oxygen saturation was 

6% while he was breathing ambient air. We started remdesivir, 2 

g/kg per day methylprednisolone, and a single dose of 8 mg/kg 

ocilizumab. He required a noninvasive, positive-pressure ventila- 

or for hypoxemia. On disease day 19, his oxygen level abruptly 

ropped, and intubation was needed. On disease day 26, soon af- 

er extubation, he developed pneumothorax and acute respiratory 

istress syndrome. He died on disease day 31. 

aboratory data 

Before admission, even after receiving the BR regimen, his to- 

al serum IgG level and total lymphocyte counts were approxi- 
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Table 

Serological study during treatment 

Disease day(Day from the onset) 10 19 27 29 Control 

NT50 < × 20 ×360 × 170 ×850 

S-IgG (S.U./mL) 0.1 21.2 81.8 

N-IgG (S.U./mL) 0.2 6.6 4.2 

S-IgM (S.U./mL) 0.8 29.6 40.6 

Total Serum IgG (mg/dL) 1,050 742 504 313 1,138–1,271 

IFN- λ3 (pg/mL) 53.8 1.9 2.9 

CCL17 (pg/mL) 47.3 234.2 243.8 

IL-1 α (pg/mL) 34.95 22.65 28.77 

IL-1 β (pg/mL) 9.91 9.99 9.03 

IL-6 (pg/mL) 86.47 3,858.73 677.06 

TNF- α (pg/mL) 202.52 156.84 156.84 

Cq values (cycles) 18.7 No Data 23.14 30.52 

Viable virus isolation Positive Negative Negative Negative 

Cq = quantification cycle 

S-IgG = anti-SARS-CoV-2-Spike IgG, N-IgG = anti-SARS-CoV-2-Nucleocapsid-IgG, S-IgM = anti-SARS- 

CoV-2-Spike IgM, IFN- λ3 = interferon-lambda 3, CCL17 = C-C motif chemokine ligand 17, IL = inter- 

leukin, TNF = tumor necrosis factor 
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ately within the normal limits. During his admission due to se- 

ere COVID-19, his lymphocyte counts considerably dropped to less 

han 200/mm 

3 . The serum SARS-CoV-2-neutralizing activity was 

etermined in vitro with wild-type SARS-CoV-2 (Phylogenetic As- 

ignment of Named Global Outbreak [PANGO] lineage B) and trans- 

embrane protease serine 2 -overexpressing VeroE6 cells, as pre- 

iously described ( Maeda et al., 2021 ). The serum neutralizing ac- 

ivity on admission (disease day 10) was under the detection limit 

50% neutralizing titer [NT 50 ] < 20-fold) even 3 weeks after the 

econd dose of BNT162b2. The activity increased by disease day 

9 and slightly decreased by disease day 27, with NT 50 values of 

60-fold and 170-fold, respectively, compared with the NT 50 value 

f 850-fold of the best 2% of 340 neutralizing activity-determined 

onvalescent plasma samples ( Takamatsu et al., 2022 ). 

Elevated interferon-lambda 3 (IFN- λ3), followed by a surge 

n interleukin-6 (IL-6) and low C-C motif chemokine ligand 

7(CCL17), all of which are strong predictors of critical COVID-19 

 Sugiyama et al., 2021 ), were detected on admission. 

Reverse transcription-quantitative polymerase chain reaction, 

hole viral genome sequencing, and viral isolation were performed 

Supplementary material). The infectious virus (SARS-CoV-2 Delta 

ariant, PANGO lineage AY.29, Global Initiative on Sharing All In- 

uenza Data (GISAID) Accession ID: EPI_ISL_7999852) was isolated 

nly from the nasopharyngeal swab sample collected on disease 

ay 10 (sample A), whereas no further virus isolation was possi- 

le from the nasopharyngeal swab sample collected after admis- 

ion (disease days 27 and 29). Several mix alleles were found in 

he specimens collected on disease day 27 (sample B) and disease 

ay 29 (sample C); although, the isolated virus from sample A had 

one (Supplementary Table). 

iscussion 

Our patient died of a fatal course after receiving two doses of 

n mRNA SARS-CoV-2 vaccine. The blood test results that were de- 

cribed previously indicated that the patient failed to acquire suf- 

cient anti-SARS-CoV-2-neutralizing antibodies and immunologic 

esponses even after 2 doses of BNT-162b2 vaccination, with un- 

etectable serum neutralizing activity and anti-SARS-CoV-2-Spike 

gG ( Table ). An increase in SARS-CoV-2-neutralizing activity was 

bserved 19 days after the infection as a booster effect. 

We attribute this fatal case to four causes: (i) impaired respon- 

iveness toward SARS-CoV-2 vaccine, (ii) prolonged high SARS- 

oV-2 viral load, (iii) difficulties in controlling T-cell immunode- 

ciency and cytokine storm, and (iv)the possibility of bacterial su- 
86 
erinfection. The patient had received bendamustine, a purine ana- 

og that dramatically reduces the function of CD4 + T-cell ( Gafter- 

vili and Polliack, 2016 ). We suggest lymphoma is responsible for 

i) ( Agha et al., 2021 ), whereas bendamustine is responsible for (ii) 

nd (iii), and rituximab is responsible for (i), (ii), and (iii). The four 

auses are discussed below. 

First, in this patient, even at 3 weeks after the second dose 

f BNT162b2, the serum SARS-CoV-2-neutralizing activity was be- 

ow the detection limit. It has been reported that only 44–79% of 

atients with B cell lymphoma produce sufficient antibodies after 

ompleting two doses of SARS-CoV-2 vaccines ( Greenberger et al., 

021 ). Rituximab is an anti-CD20 monoclonal antibody that sig- 

ificantly depletes B cells. In general, the rituximab-induced re- 

uction of B cells persists no longer than 6 months after ther- 

py completion ( McLaughlin et al., 1998 ). According to another re- 

ort, rituximab also reduces functional T-cell response after vac- 

ination ( Nazi et al., 2013 ). A cohort study in Japan reported that 

ven beyond a year after the anti-CD20 treatment, approximately 

0% of the individuals had only acquired a limited amount of anti- 

ARS-CoV-2-IgG antibodies after two doses of BNT162b2 compared 

ith healthy individuals ( Okamoto et al., 2022 ). Furthermore, it 

s possible that Delta variant mutations, such as L452R, can es- 

ape cell-mediated immunity; although, SARS-CoV-2 mRNA vac- 

ines generally generate a neutralizing response in 95% of recip- 

ents ( Planas et al., 2021 ), which may have influenced the lack 

f detectable SARS-CoV-2-neutralizing activity. These results imply 

hat chemotherapies, such as BR therapy, critically compromise the 

mmune system. 

Second, a high SARS-CoV-2 viral load was observed until 1 

onth after onset. Several reports have showed that patients with 

rofound immunosuppression may shed viable SARS-CoV-2 for a 

rolonged period ( Aydillo et al., 2020 ), although the details of the 

irologic mechanism are not known. To the best of our knowledge, 

he mixed alleles found in this patient have not been reported to 

ave any effect on immune escape. Further case series and virolog- 

cal studies are needed in this regard. 

Third, elevated IFN- λ3 and IL-6 and severe lymphocytopenia 

s a manifestation of the tumultuous cytokine storm, were de- 

ected. These results suggest that a severe and uncontrolled cy- 

okine storm resulted from the patient’s immunologic unrespon- 

iveness, which led to his death. 

Fourth, although tocilizumab and steroids are effective in sup- 

ressing host inflammatory response phase, they can give rise to 

he risk for superinfection, such as ventilator-associated bacterial 

neumonia, significantly ( Abani et al., 2021 ). In this case, we could 
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ot deny the downside of these immunosuppressors even though 

e used adequately broad-spectrum antibiotics. 

COVID-19 treatment and prevention strategies for patients with 

ematologic diseases are not well established. The effectiveness 

f the mRNA vaccine in patients with hematologic malignancies 

eems restricted. Herishanu et al (2021) reported that in 172 pa- 

ients with chronic lymphocytic leukemia, the antibody response 

ate after the third BNT162b2 mRNA vaccine was only 23.8%. 

On the other hand, some articles indicate potential effectiveness 

f early deployment of convalescent plasma and monoclonal anti- 

ody therapies. 

Hueso et al reported successful treatment with convalescent 

lasma in 17 patients with profound B cell lymphopenia due to 

nti-CD20 therapy ( Hueso et al., 2020 ). Daher et al successfully 

reated a patient with COVID-19 with B cell aplasia using bam- 

anivimab, an FDA-approved neutralizing antibody, targeting the S 

pike ( Daher et al., 2021 ). Drouin et al reported successful clear- 

nce of unprecedentedly prolonged SARS-CoV-2 infection after B 

ell depletion therapy using an antispike monoclonal antibody 

 Drouin et al., 2021 ). 

Effectiveness of SARS-CoV-2 neutralizing antibodies after anti- 

D20 therapies are still unclear as previously mentions, and fur- 

her investigation is needed to set up the strategies for those vul- 

erable people. 

In conclusion, because the patients with hematologic malignan- 

ies are reasonably vulnerable to COVID-19 viral infection, further 

nvestigations are needed to establish prevention strategies. Pro- 

oting thorough surveillance of mixed alleles could play an essen- 

ial role in detecting unknown aggravating factors. 
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