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Abstract
Purpose  People with hematologic malignancies have a significantly higher risk of developing severe and protracted forms 
of SARS-CoV-2 infection compared to immunocompetent patients, regardless of vaccination status.
Results  We describe two cases of prolonged SARS-CoV-2 infection with multiple relapses of COVID-19 pneumonia in 
patients with follicular lymphoma treated with bendamustine and obinutuzumab or rituximab. The aim is to highlight the 
complexity of SARS-CoV-2 infection in this fragile group of patients and the necessity of evidence-based strategies to treat 
them properly.
Conclusions  Patients with hematological malignancies treated with bendamustine and anti-CD20 antibodies had a significant 
risk of prolonged and relapsing course of COVID-19. Specific preventive and therapeutic strategies should be developed 
for this group of patients.
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Background

Immunosuppression is a well-known risk factor for severe 
illness in patients with SARS-CoV-2 infection [1]. Patients 
with hematological malignancies have a significantly higher 
risk of developing a severe form of SARS-CoV-2 infection 

because of their immunological condition and specific ther-
apies, regardless of vaccination status [2]. Moreover, the 
progression of COVID-19 is different if compared to immu-
nocompetent patients [3]. Symptom onset may be delayed 
[3], the persistence of illness protracted [4], and patients 
may result positive for SARS-CoV-2 virus far longer than 
immunocompetent patients.

Vaccination against SARS-CoV-2 has completely 
changed disease clinical manifestation and prognosis in 
the vast majority of the population, with the exception of 
oncohematological patients who rarely develop an efficient 
response to SARS-CoV-2 vaccination [5, 6].

We provide a descriptive analysis of two cases of pro-
longed SARS-CoV-2 infection with multiple relapses of 
COVID-19 pneumonia in patients with follicular lymphoma 
treated with bendamustine and obinutuzumab or rituxi-
mab. Bendamustine is an alkylating agent that decreases 
CD4 + T-cells count, producing prolonged lymphocytopenia 
[7]. Obinutuzumab is a novel anti-CD20 monoclonal anti-
body (mAB) directed mainly to B cells, while rituximab is 
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a chimeric (human/murine) anti-CD20 mAB causing rapid 
and persistent depletion of CD20 + B cells [8, 9].

Case 1

A 75-year-old woman with hypertension, dyslipidaemia and 
follicular lymphoma was treated with 6 s-line cycles of ben-
damustine between July and December 2020 and received 
maintenance therapy with 6 cycles of obinutuzumab 
between February and December 2021. She completed 3 
doses BNT 162b2 in November 2021 and on January 21st, 
2022 she tested positive at qualitative real-time polymerase 
chain reaction (RT-PCR) on nasopharyngeal swab (NPS) 
for SARS-CoV-2, with a Cycle threshold (Ct) value com-
patible with medium viral load (VL) (24–23 Ct). She was 
first admitted to hospital in February for fever and cough. 
Pneumonia was diagnosed at chest X-Ray, broncho-alveolar 
lavage (BAL) detected only SARS-CoV-2 and serological 
immune response for SARS-CoV-2 was negative (< 34 
BAU/ml). Thus, sotrovimab 500 mg was administered. She 
required oxygen therapy up to Venturi mask (VM) FiO2 
60%. After 28 days, she was discharged with no oxygen and 
a still positive RT-PCR on NPS with Ct value compatible 
with high VL (19 Ct, higher than at admission).

Her second hospitalization occurred in May 2022 due to 
interstitial pneumonia relapse with fever, cough and dysp-
nea. SARS-CoV-2 RT-PCR on NPS had a Ct value compat-
ible with high VL (15 Ct). The patient had oxygen therapy 
up to 4 l/min nasal cannula (NC) and remdesivir for 5 days 
(200 mg day 1, 100 mg days 2–5). Symptoms completely 
remitted and she was discharged after 7 days; SARS-CoV-2 
antigenic NPS was negative. Her third hospitalization was 
in July 2022 with interstitial pneumonia, asthenia, dyspnea 
and fever. SARS-CoV-2 RT-PCR on NPS showed again a 
Ct value compatible with high VL (18 Ct). She was treated 
with oxygen therapy up to 4 l/min NC and with both nir-
matrelvir/ritonavir (300 mg/100 mg BID for 5 days) and a 
new administration of sotrovimab (500 mg ev). Once again, 
she was discharged without symptoms nor oxygen therapy.

The fourth hospitalization occurred in July due to cough, 
dyspnea and fever. RT-PCR for SARS-CoV-2 on NPS had a 
Ct value compatible with high VL (21–23 Ct). She needed 
oxygen up to VM FiO2 50% and received therapy with 5-day 
remdesivir and tixagevimab/cilgavimab (300 mg/300 mg 
IM). AmpC Beta-lactamases producing Klebsiella pneumo-
niae was isolated from urine and a 7-day course of cefepime 
was administered. She recovered and she was discharged 
after 15 days, still positive at RT-PCR for SARS-CoV-2 on 
NPS with a Ct value compatible with medium VL (25 Ct).

A new relapse occurred in September (fever, asthenia, 
exertional dyspnea, lack of appetite), one more time RT-PCR 
for SARS-CoV-2 on NPS had a Ct value compatible with 

high VL (18 Ct), but the patient was treated early at home 
with nirmatrelvir/ritonavir (300 mg/100 mg BID for 5 days) 
and she showed a fast clinical improvement, avoiding a new 
hospitalization.

There was no occurrence of new clinical relapses onward. 
All molecular typing analyses carried out by whole genome 
sequencing showed that the virus belonged, in all cases, to 
the variant Omicron, sub-lineage BA.1.1.

Beyond SARS-CoV-2, no other respiratory pathogens 
were ever detected throughout her hospitalizations. In every 
single episode of hospitalization, blood cultures, serum β-d-
glucan, galactomannan, and CMV-DNA were negative such 
as PCR test for the principal respiratory viruses, bacteria 
and Pneumocystis jirovecii on respiratory specimens and 
PCR test for herpes viruses on plasma. During the first and 
the last hospitalization the patient was also treated with 
empiric antibiotic therapy with no improvement. Further-
more, repeated CT scan excluded lymphoma progression.

Case 2

A 61-year-old man with follicular lymphoma and hyperten-
sion was treated with 3 first-line cycles of bendamustine 
and rituximab between September and November 2021. In 
the same period, he completed 3 doses of BNT 162b2. He 
tested positive for SARS-CoV-2 on December 11th, 2021 
(RT-PCR for SARS-CoV-2 on NPS, Ct not available) with 
mild symptoms, he had a negative serologic test (< 34 BAU/
ml) and bamlanivimab/etesevimab (700 mg/1400 mg) was 
administered as an outpatient.

He was hospitalized on January 10th, 2022 due to a 
worsening of symptoms (fever, cough, asthenia and dysp-
nea). RT-PCR for SARS-CoV-2 on NPS showed a Ct value 
compatible with high VL (19–21 Ct) and interstitial-paren-
chymal pneumonia was detected at chest X-Ray. Oxygen 
therapy up to VM FiO2 40% and a 3-day course of remdesi-
vir (200 mg day 1, 100 mg days 2 and 3) were administered. 
He rapidly recovered with progressive weaning of oxygen 
up to discharge.

His second hospitalization occurred in February 2022 for 
asthenia and low-grade fever. RT-PCR for SARS-CoV-2 on 
NPS had a Ct value compatible with medium VL (31 Ct). 
The patient did not show respiratory failure but CT scan 
documented radiographic signs of interstitial lung injury. 
No antiviral or mAB was administered and after clinical 
improvement, he was discharged.

In March, he tested negative for SARS-CoV-2 at RT-PCR 
NPS and therefore he received a fourth cycle of bendamus-
tine and rituximab. At the end of this chemotherapy cycle, 
fever and asthenia reappeared; he was treated at home with 
levofloxacin without benefit. SARS-CoV-2 infection was 
confirmed with RT-PCR NPS (Ct value compatible with 
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medium VL, 25–26 Ct) and the patient was admitted to 
hospital. Despite microbiological and instrumental investi-
gations, no other pathogens were found. He was then treated 
with remdesivir for 3 days (200 mg day 1, 100 mg days 2 
and 3) with clinical benefit. At discharge, antigenic NPS 
was still positive.

Ten days after, in April, he was hospitalized again due to 
a relapse of pneumonia with ground glass opacities at chest 
CT, with dyspnea, fever and cough. RT-PCR for SARS-
CoV-2 on NPS was positive with a Ct value compatible 
with medium VL (25–26 Ct). He was treated with oxygen 
therapy up to 6 l/min NC and with Nirmatrelvir/Ritonavir 
(300 mg/100 mg BID), with rapid symptom remission. Anti-
genic NPS was finally negative. During the last hospitali-
zation, the patient was also treated with an empiric 7-day 
course of cefepime without clinical response.

There were no new relapses onward. Throughout this 
period, every NPS variant typing carried out by RT-PCR 
result was confirmed as a Delta variant. Whole genome 
sequencing was performed only on a NPS collected during 
the last hospitalization in April, showing the belonging to 
variant Delta, sub-lineage AY.126. Furthermore, on April 
4th, a national surveillance prevalence was conducted, show-
ing that Omicron variant was the only circulating variant in 
Italy.

Discussion

As shown in several studies, patients with hematologi-
cal malignancies are the most vulnerable population, 
with higher risks of hospitalization and mortality follow-
ing infection with SARS-CoV-2 [10–12]. A dysregulated 
immune response was demonstrated in B-cell-depleted lym-
phoma patients with COVID-19 [3]. Furthermore, patients 
who received anti-CD20 mAB within 12 months may fail 
to develop a protective antibody response against SARS-
CoV-2, despite completing a full cycle of mRNA vaccina-
tion [13]. In this regard, a recent study reported that the 
administration of anti-CD20 treatment severely impairs 
humoral response to BNT162b2 vaccine in patients with 
non-Hodgkin lymphoma and, even more, that the serocon-
version in these patients is dependent on the anti-CD20 
treatment timing, becoming present from the 3rd month after 
the last administration of anti-CD20 [14].

In our cases, patients were treated with Bendamustine 
associated with an anti-CD20 agent, obinutuzumab or 
rituximab. Bendamustine decreases CD4 + T-cells count, 
producing prolonged lymphocytopenia, while anti-CD20 
mAB deplete B lymphocytes, impairing humoral immu-
nity. Indeed, Rituximab induces poor responses to various 
types of vaccinations and provokes viral reactivations as a 
consequence of rapid and persistent depletion of B cells. 

Obinutuzumab, a novel type 2 anti-CD20 mAB, enhances 
antibody-dependent cell mediated cytotoxicity, inducing 
higher levels of direct cell death than rituximab [8, 9].

Our case reports seem to confirm such findings, as a 
poor or absent immune response anti-SARS-CoV-2 has 
been detected by serological tests in both cases, following 
treatment with anti-CD20 within 3 months (68 and 26 days, 
respectively).

More specifically, these case reports focus on the per-
sistence of positive SARS-CoV-2 RT-PCR associated with 
severe and recurrent COVID-19 in hematological patients 
actively treated with immunosuppressive therapy. We 
describe two cases of persistence of SARS-CoV-2 RT-PCR-
positive NPS for longer than 9 and 5 months respectively, 
with multiple COVID-19 symptomatic relapses. The num-
ber of hospitalizations due to SARS-CoV-2-related pneu-
monia had been 4 throughout 7 months for patient 1 and 4 
throughout 5 months for patient 2, with respectively overall 
56 and 43 days of hospitalization. In both cases patients 
had relevant symptoms at every relapse episode, with severe 
impairment of health status and quality of life.

It is worth noting that repeated tests always showed the 
same SARS-CoV-2 sub-lineage. This finding supports the 
fact that the recurrences over time were driven by persis-
tence of the virus, rather than new infections. This is also in 
line with the biological characteristics of SARS-CoV-2, a 
plus-strand RNA virus that does not undergo latency, while 
it remains persistently replicating, at levels that may also be 
very low, with sudden relapses. This situation is similar to 
plus-strand RNA viruses, and can be exacerbated by immu-
nosuppression, that makes the body unable to clear the virus.

The management of hematological patients with SARS-
CoV-2 is complex and expensive in terms of hospital 
resources, demand of acute care and impact on life quality. 
In addition, differential diagnosis is time-consuming; in our 
cases, treatments of suspected co-infections had no signifi-
cant clinical benefit. On the other hand, the administration of 
antiviral therapy and anti-SARS-CoV-2 mAB was associated 
with clinical remission during each hospitalization but was 
not effective to clear SARS-CoV-2 infection.

With this regard, it is relevant to consider that every treat-
ment currently available against SARS-CoV-2 was studied 
in the general population [15, 16] and not specifically in 
immunocompromised patients. As argued by several stud-
ies [17, 18], immunosuppressed patients may benefit from 
new therapeutic strategies such as administration of known 
therapies for a longer period or at an increased dosage or 
in combination. Furthermore, the use of anti-SARS-CoV-2 
therapy as prophylaxis of clinical relapses for these patients 
should be investigated and we reckon that preventive ther-
apies strategies with tixagevimab/cilgavimab should be 
implemented in the groups of patients with greater risk of 
severe COVID-19, particularly those receiving anti-CD20 
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mAB. Another critical issue, considering the lack of ben-
efit in terms of overall survival, is whether the maintenance 
treatment with obinutuzumab or rituximab should be with-
held in those patients with persistence of positive SARS-
CoV2 RT-PCR [19].

Due to the low incidence of SARS-CoV-2 interstitial 
pneumonia in immunocompetent vaccinated patients, more 
trials and studies, focusing on a tailored treatment for immu-
nocompromised patients with COVID-19, should be carried 
out. According to this new set of evidences, it could then be 
advisable to draw updated guidelines for clinicians regard-
ing clinical management, therapy and prophylaxis of clini-
cal relapses in patients with COVID-19 and hematological 
malignancies, as attempted in the first phases of the COVID-
19 pandemics [20].

In conclusion, the two clinical cases we described high-
light the prolonged and relapsing course of COVID-19 in 
patients with follicular lymphoma treated with bendamustine 
and anti-CD20 mAB, suggesting that specific preventive and 
therapeutic strategies should be developed for these patients.

Author contributions  Study concept: EF, GD. Data collection: MP, 
VT, GD, GFS, AG. First draft: EF, GD. Critical revision for important 
intellectual content: EF, MP, VT, GD. Supervision: CFP, GG, CM. All 
authors reviewed the manuscript.

Data availability  The data supporting this paper are not openly avail-
able due to reasons of sensitivity and are available from the corre-
sponding author upon reasonable request. Data are located in controlled 
access data storage at AOU Policlinico Modena.

Declarations 

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Brodin P. Immune determinants of COVID-19 disease presen-
tation and severity. Nat Med. 2021;27:28–33. https://​doi.​org/​10.​
1038/​s41591-​020-​01202-8.

	 2.	 Oliva A, Curtolo A, Volpicelli L, Cancelli F, Borrazzo C, Cogli-
ati Dezza F, et al. Clinical course of Coronavirus Disease-19 
in patients with haematological malignancies is characterized 
by a longer time to respiratory deterioration compared to non-
haematological ones: results from a case-control study. Infection. 
2022;50:1373–82. https://​doi.​org/​10.​1007/​s15010-​022-​01869-w.

	 3.	 Baang JH, Smith C, Mirabelli C, Valesano AL, Manthei DM, 
Bachman MA, et al. Prolonged severe acute respiratory syndrome 
coronavirus 2 replication in an immunocompromised patient. J 
Infect Dis. 2021;223:23–7. https://​doi.​org/​10.​1093/​infdis/​jiaa6​66.

	 4.	 Sepulcri C, Dentone C, Mikulska M, Bruzzone B, Lai A, Fenoglio 
D, et al. The longest persistence of viable SARS-CoV-2 with 
recurrence of viremia and relapsing symptomatic COVID-19 in an 
immunocompromised patient—a case study. Open Forum Infect 
Dis. 2021;8:ofab217. https://​doi.​org/​10.​1093/​ofid/​ofab2​17.

	 5.	 Lee ARYB, Wong SY, Chai LYA, Lee SC, Lee MX, Muthiah 
MD, et al. Efficacy of covid-19 vaccines in immunocompro-
mised patients: systematic review and meta-analysis. BMJ. 
2022;376:e068632. https://​doi.​org/​10.​1136/​bmj-​2021-​068632.

	 6.	 Haggenburg S, Lissenberg-Witte BI, van Binnendijk RS, den Har-
tog G, Bhoekhan MS, Haverkate NJE, et al. Quantitative analysis 
of mRNA-1273 COVID-19 vaccination response in immunocom-
promised adult hematology patients. Blood Adv. 2022;6:1537–46. 
https://​doi.​org/​10.​1182/​blood​advan​ces.​20210​06917.

	 7.	 Gafter-Gvili A, Polliack A. Bendamustine associated immune sup-
pression and infections during therapy of hematological malignan-
cies. Leuk Lymphoma. 2016;57:512–9. https://​doi.​org/​10.​3109/​
10428​194.​2015.​11107​48.

	 8.	 Davies A, Kater AP, Sharman JP, Stilgenbauer S, Vitolo U, Klein 
C, et al. Obinutuzumab in the treatment of B-cell malignancies: a 
comprehensive review. Future Oncol. 2022;18:2943–66. https://​
doi.​org/​10.​2217/​fon-​2022-​0112.

	 9.	 Salles G, Barrett M, Foà R, Maurer J, O’Brien S, Valente N, et al. 
Rituximab in B-Cell hematologic malignancies: a review of 20 
years of clinical experience. Adv Ther. 2017;34:2232–73. https://​
doi.​org/​10.​1007/​s12325-​017-​0612-x.

	10.	 Erdal GS, Polat O, Erdem GU, Korkusuz R, Hindilerden F, Yilmaz 
M, et al. The mortality rate of COVID-19 was high in cancer 
patients: a retrospective single-center study. Int J Clin Oncol. 
2021;26:826–34. https://​doi.​org/​10.​1007/​s10147-​021-​01863-6.

	11.	 Robilotti EV, Babady NE, Mead PA, Rolling T, Perez-Johnston R, 
Bernardes M, et al. Determinants of COVID-19 disease severity 
in patients with cancer. Nat Med. 2020;26:1218–23. https://​doi.​
org/​10.​1038/​s41591-​020-​0979-0.

	12.	 Vijenthira A, Gong IY, Fox TA, Booth S, Cook G, Fattizzo B, 
et al. Outcomes of patients with hematologic malignancies and 
COVID-19: a systematic review and meta-analysis of 3377 
patients. Blood. 2020;136:2881–92. https://​doi.​org/​10.​1182/​
blood.​20200​08824.

	13.	 Re D, Barrière J, Chamorey E, Delforge M, Gastaud L, Petit E, 
et al. Low rate of seroconversion after mRNA anti-SARS-CoV-2 
vaccination in patients with hematological malignancies. Leuk 
Lymphoma. 2021;62:3308–10. https://​doi.​org/​10.​1080/​10428​194.​
2021.​19578​77.

	14.	 Marchesi F, Pimpinelli F, Giannarelli D, Ronchetti L, Papa E, 
Falcucci P, et al. Impact of anti-CD20 monoclonal antibodies on 
serologic response to BNT162b2 vaccine in B-cell Non-Hodgkin’s 
lymphomas. Leukemia. 2022;36:588–90. https://​doi.​org/​10.​1038/​
s41375-​021-​01418-8.

	15.	 Montgomery H, Hobbs FDR, Padilla F, Arbetter D, Templeton A, 
Seegobin S, et al. Efficacy and safety of intramuscular adminis-
tration of tixagevimab-cilgavimab for early outpatient treatment 
of COVID-19 (TACKLE): a phase 3, randomised, double-blind, 
placebo-controlled trial. Lancet Respir Med. 2022;10:985–96. 
https://​doi.​org/​10.​1016/​S2213-​2600(22)​00180-1.

	16.	 Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W, Wise-
mandle W, et al. Oral nirmatrelvir for high-risk, nonhospitalized 
adults with COVID-19. N Engl J Med. 2022;386:1397–408. 
https://​doi.​org/​10.​1056/​NEJMo​a2118​542.

	17.	 Helleberg M, Niemann CU, Moestrup KS, Kirk O, Lebech A-M, 
Lane C, et al. Persistent COVID-19 in an immunocompromised 
patient temporarily responsive to two courses of remdesivir ther-
apy. J Infect Dis. 2020;222:1103–7. https://​doi.​org/​10.​1093/​infdis/​
jiaa4​46.

	18.	 Camprubí D, Gaya A, Marcos MA, Martí-Soler H, Soriano A, 
Mosquera MDM, et al. Persistent replication of SARS-CoV-2 in a 
severely immunocompromised patient treated with several courses 
of remdesivir. Int J Infect Dis. 2021;104:379–81. https://​doi.​org/​
10.​1016/j.​ijid.​2020.​12.​050.

	19.	 Shafat T, Grupel D, Porges T, Levi I, Yagel Y, Nesher L. Treat-
ment with obinutuzumab leads to worse outcomes in haemato-
logical patients diagnosed with Omicron variant COVID-19. Br J 
Haematol. 2022;198:826–9. https://​doi.​org/​10.​1111/​bjh.​18315.

	20.	 Percival MEM, Lynch RC, Halpern AB, Shadman M, Cassaday 
RD, Ujjani C, et al. Considerations for managing patients with 

https://doi.org/10.1038/s41591-020-01202-8
https://doi.org/10.1038/s41591-020-01202-8
https://doi.org/10.1007/s15010-022-01869-w
https://doi.org/10.1093/infdis/jiaa666
https://doi.org/10.1093/ofid/ofab217
https://doi.org/10.1136/bmj-2021-068632
https://doi.org/10.1182/bloodadvances.2021006917
https://doi.org/10.3109/10428194.2015.1110748
https://doi.org/10.3109/10428194.2015.1110748
https://doi.org/10.2217/fon-2022-0112
https://doi.org/10.2217/fon-2022-0112
https://doi.org/10.1007/s12325-017-0612-x
https://doi.org/10.1007/s12325-017-0612-x
https://doi.org/10.1007/s10147-021-01863-6
https://doi.org/10.1038/s41591-020-0979-0
https://doi.org/10.1038/s41591-020-0979-0
https://doi.org/10.1182/blood.2020008824
https://doi.org/10.1182/blood.2020008824
https://doi.org/10.1080/10428194.2021.1957877
https://doi.org/10.1080/10428194.2021.1957877
https://doi.org/10.1038/s41375-021-01418-8
https://doi.org/10.1038/s41375-021-01418-8
https://doi.org/10.1016/S2213-2600(22)00180-1
https://doi.org/10.1056/NEJMoa2118542
https://doi.org/10.1093/infdis/jiaa446
https://doi.org/10.1093/infdis/jiaa446
https://doi.org/10.1016/j.ijid.2020.12.050
https://doi.org/10.1016/j.ijid.2020.12.050
https://doi.org/10.1111/bjh.18315


Persistent SARS‑CoV‑2 infection with multiple clinical relapses in two patients with follicular…

1 3

hematologic malignancy during the COVID-19 pandemic: the 
seattle strategy. JCO Oncol Pract. 2020;16:571–8. https://​doi.​org/​
10.​1200/​OP.​20.​00241.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1200/OP.20.00241
https://doi.org/10.1200/OP.20.00241

	Persistent SARS-CoV-2 infection with multiple clinical relapses in two patients with follicular lymphoma treated with bendamustine and obinutuzumab or rituximab
	Abstract
	Purpose 
	Results 
	Conclusions 

	Background
	Case 1
	Case 2
	Discussion
	References


