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a b s t r a c t 

We describe a case of coronavirus disease 2019 (COVID-19) in a patient with mixed cellularity classi- 

cal Hodgkin lymphoma (cHL) undergoing brentuximab vedotin, doxorubicin, vinblastine, and dacarbazine 

(A + AVD) therapy. A 43-year-old man presented to our hospital with a complaint of fever, for which he was 

diagnosed with COVID-19 after a positive polymerase chain reaction (PCR) test for severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), and antiviral therapy with favipiravir and ciclesonide was started 

subsequently. The fever persisted for the first few days of treatment, but his respiratory status was stable, 

and he became asymptomatic and afebrile on day 9. Although the PCR tests remained positive, he met the 

updated discharge criteria of the World Health Organization (WHO) on day 12. However, his fever recurred, 

and his condition worsened on day 16. A chest X-ray showed a new opacity. It is likely that favipiravir 

and ciclesonide treatment probably did not completely eliminate the virus in the patient, and therefore 

the infection persisted. We added remdesivir from day 21, and the improvement was remarkable. He was 
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discharged on day 29 after two consecutive PCR test results were negative. PCR tests are not mandatory for 

the updated WHO discharge criteria. However, even after antiviral therapy, COVID-19 patients with hema- 

tologic malignancies may have prolonged active infection with impaired viral excretion. Depending on the 

background disease and comorbidities, there may be some patient populations for whom it is not appro- 

priate to simply comply with the current discharge criteria. Therefore, more emphasis may be needed on 

PCR examinations. 

© 2021 Elsevier Inc. All rights reserved. 
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Since December 2019, the world has been confronting the emergence of the novel coron-

virus disease 2019 (COVID-19) pandemic caused by the severe acute respiratory syndrome coro-

avirus 2 (SARS-CoV-2). The incidence and mortality continue to rise unabated. Comorbidities

uch as chronic obstructive pulmonary disease, post-solid organ transplant, obesity, type 2 dia-

etes, cardiovascular disease, and chronic kidney disease have been shown to worsen disease

everity and patient outcomes. 1 , 2 Nonetheless, it remains unclear and controversial whether

OVID-19 severity is associated with advanced cancer and chemotherapy 3-5 In the realm of

ematological malignancies, it is suggested that cancer and chemotherapy are associated with

ncreased severity and a prolonged persistence of COVID-19 6 , 7 Herein, we describe a case of

OVID-19 patient with mixed cellularity classical Hodgkin lymphoma (cHL) undergoing bren-

uximab vedotin, doxorubicin, vinblastine, and dacarbazine (A + AVD) therapy. We hope that our

eport will lead to reconsideration of the discharge criteria for COVID-19 patients with a back-

round of hematologic malignancies. 

ase and methods 

A 43-year-old male presented to our hospital with a compliant of fever. Four months prior

o the consultation, he was diagnosed with mixed cellularity cHL (Ann Arbor classification stage

V B), for which he had been on A + AVD therapy for 3 months. This therapy was favorable, and

e was on the third cycle of A + AVD therapy. On day 17 of the third cycle, he complained of the

forementioned fever with a temperature of 38.4 °C. His vital signs were: blood pressure 107/84

m Hg, heart rate 106 bpm, respiratory rate 16 /min, and oxygen saturation 99% on ambient

ir. The rest of the physical examination findings were unremarkable. Laboratory tests revealed

he following: white blood cell (WBC) count 5.2 × 10 9 /L, neutrophils 4.9 × 10 9 /L, lymphocytes

.3 × 10 9 /L, and C-reactive protein (CRP) 6.3 mg/dL. A chest computed tomography (CT) scan

howed nonsegmental patchy ground-glass opacities (GGOs) in the lower lobe of the left lung

 Fig 1 ). COVID-19 pneumonia was one of the differential diagnoses, and the patient was tested

or SARS-CoV-2 infection. The polymerase chain reaction (PCR) test for SARS-CoV-2 using the

atient’s saliva specimen was positive; therefore, he was admitted to an isolation room. He was

nrolled in a clinical trial wherein he received favipiravir and ciclesonide combination antiviral

herapy. Although the fever persisted for the first few days of treatment, his respiratory status

as stable, and he did not require oxygen support. The patient developed chemotherapy-induced

ancytopenia for which he was administered filgrastim four times during the clinical course. On

ay 9, he became asymptomatic and afebrile. A chest radiograph showed no obvious worsen-

ng of the pneumonia; moreover, laboratory tests showed a steady decline in the inflammatory
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Fig. 1. CT scan on admission. The initial CT scan revealed slight nonsegmental patchy GGOs in the left lower lobe. 

Fig. 2. CT scan on day 20. The CT scan performed on day 20 (after fever recurrence) revealed a newly emerging GGO in 

the right lung and an exacerbation of the initial left lung GGO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

response, with CRP declining to 2.08 mg/dL on day 12. After day 9, the patient remained afebrile;

therefore, he met the updated discharge criteria of the World Health Organization (WHO) on

day 12. 8 His discharge was anticipated after the maximum duration (14 days) of favipiravir and

ciclesonide treatment was completed. Although PCR tests with nasal swab specimens remained

positive on day 14, a negative PCR test result was not required for his discharge from the iso-

lation ward as per the updated WHO discharge criteria. 8 However, his fever recurred, and his

condition worsened on day 16. A chest X-ray showed a new opacity in the right inferior pul-

monary field on day 19; this was the first exacerbation since he was hospitalized. A CT scan

performed on day 20 showed new GGOs in the right lung and an exacerbation of the previ-

ous left lung GGOs ( Fig 2 ). Moreover, the inflammatory response increased, with a surge of CRP

(5.01 mg/dL) on day 21. Although the patient completed 14 days of favipiravir and ciclesonide

treatment, the SARS-CoV-2 pneumonia seemed to progress. Considering that the antiviral treat-

ment might have been inadequate, we prolonged the hospitalization and added remdesivir from

day 21. Remdesivir treatment was marked by an immediate resolution of the fever and a steady

decline in the inflammatory response. Furthermore, on day 28, two consecutive PCR test results

were negative for the first time since onset of COVID-19. Based on these results, remdesivir was

administered for 8 days and he was discharged on day 29. A chest CT scan performed on dis-

charge showed improvement in lung findings ( Fig 3 ). The patient did not show recurrence of

symptoms after his discharge. 
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Fig. 3. CT scan at discharge. The CT scan at discharge showed the disappearance of the bilateral GGOs. 
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Our patient initially had complete relief from COVID-19 symptoms after the antiviral treat-

ent with favipiravir and ciclesonide and met the discharge criteria; nevertheless, he experi-

nced an exacerbation of fever and symptoms, as well as laboratory and radiological findings.

revious studies have reported secondary immune-related lung injury, which is induced by a

ytokine storm (mainly by interleukin-6) in an excessive immune defense response to SARS-

oV-2. 9 Secondary immune-related lung injuries have been reported to present as nonsegmental

atchy consolidations and subpleural reticulations reminiscent of organizing pneumonia on chest

T. 10 However, the CT scan on day 20 revealed the same peripheral-dominant GGOs as on ad-

ission, and the spread of GGOs widened and extended to bilateral lung fields, which is typical

f exacerbation of SARS-CoV-2 pneumonia. Based on the CT findings and the remarkable effects

f remdesivir on the clinical course, we concluded that the pathological condition was not sec-

ndary lung injury but an exacerbation of SARS-CoV-2 pneumonia itself. Given that the patient

as isolated in a private room, the possibility of a second SARS-CoV-2 infection from the med-

cal staffs was unlikely. Furthermore, the PCR test was consistently positive throughout favipi-

avir and ciclesonide treatment; however, it became negative during remdesivir treatment. Thus,

avipiravir and ciclesonide treatment probably did not completely eliminate the virus from the

atient, and the infection persisted. PCR test results can be positive even after the virus has been

nactivated by appropriate antiviral treatments, and we believed that the PCR test after favipi-

avir and ciclesonide treatment showed a “non-pathogenic-positive” result by detecting a virus

hat had lost its pathogenicity. 11 However, now we cannot help concluding that the PCR test re-

ult was “true-pathogenic-positive,” and the detected virus was pathogenic at the time the test

as performed. In general, it is difficult to determine how long the infectivity and pathogenic-

ty continue in patients with prolonged positive genetic tests. In order to distinguish between

non-pathogenic-positive” and “true-pathogenic-positive,” an attempt is currently being made

o quantitatively estimate the viral load present in specimens based on the number of cycles

threshold cycle [Ct] value) required for amplification in the quantitative reverse transcription

olymerase chain reaction (RT-PCR) assay. 12 It has been reported that as the Ct value increases,

he isolation rate of the virus that retained its pathogenicity decreases, even if the PCR test

s positive. 13 Likewise, a relatively inexpensive and rapid antigen examination for sensitive and

uantitative detection of SARS-CoV-2 antigen using chemiluminescent enzyme immunoassay has

een also developed. A method of inferring infectivity based on antibody for SARS-CoV-2 titers

n the blood is also being considered, but no standardized method of measurement or criteria

ave been established. Given these backgrounds, perhaps by assessing the Ct values or the anti-

en quantification over time, it could be possible to distinguish whether the detected virus was

ne that had lost its pathogenicity after antiviral therapy or one that was still pathogenic. How-

ver, although we adopt an N-gene-specific quantitative RT-PCR assay in the clinical laboratory
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of our hospital, it is only treated as a qualitative test for the diagnosis of COVID-19 and the quan-

titative test results, including the Ct value, were not recorded. It is not possible to discuss this

case from this perspective, and this point is a limitation of this report. Especially, in the realm

of hematological malignancies, it is suggested that cancer and chemotherapy were related with

prolonged persistence of COVID-19 6 , 7 Phil-Robin et al reported persisting SARS-CoV-2 viremia

after rituximab therapy. They hypothesized that rituximab suppresses B cell function, thereby

causing the patient to develop a severe combined cellular and humoral immunodeficiency, thus,

rendering the viral infection severe and prolonged. 14 Similarly, we considered that standard an-

tiviral treatment alone could not eliminate the virus due to the underlying cHL and chemother-

apy, resulting in prolonged disease duration. In the ECHELON-1 trial, which demonstrated that

A + AVD regimen exhibited a superior modified progression-free survival for the frontline treat-

ment of patients with stage III/IV cHL, the proportion of patients with severe viral infections

as adverse events was not remarkably high. 15 However, the United States Food and Drug Ad-

ministration suggested progressive multifocal leukoencephalopathy (PML) as a possible adverse

event of brentuximab vedotin. 16 PML is a central nervous system demyelinating disease resulting

from latent John Cunningham virus reactivation and is often fatal. The underlying mechanisms

of reactivation of John Cunningham virus are not fully understood; however, it may be possible

that A + AVD therapy reduces the immune response and viral excretion mechanisms more than

the regular chemotherapy. The prolonged persistence of SARS-CoV-2 excretion in patients with

hematological malignancies has significant implications for scheduling subsequent chemother- 

apy, shielding, and self-isolation. Considering the excessively long periods of isolation (which

affect the society and hinder access to healthcare) for individuals with COVID-19, WHO updated

its previous PCR test-based discharge criteria in May 2020. Previous discharge criteria, which re-

quired patients to be clinically recovered and to have two negative PCR test results on sequential

samples taken at least 24 hours apart, were updated. Patients can now be discharged after 10

days from the onset of symptoms and at least 3 additional days without symptoms, regardless

of the PCR test results. 8 In this case, there was a potential risk of de-isolating our patient who

had an active ongoing infection. Certainly, PCR retesting to determine discharge in all cases is

unnecessary and may adversely affect the operation of the health care system. However, COVID-

19 patients having an underlying hematologic malignancy (especially, those who received treat-

ments resulting in a state of intense immunosuppression) should be discharged with caution,

cognizant of the possibility of prolonged active or reactivated COVID-19. 

Conclusion 

Even after antiviral therapy, COVID-19 patients with hematologic malignancies may have pro-

longed active infection with impaired viral excretion. Depending on the background disease and

comorbidities, compliance with the current discharge criteria may not be appropriate for some

patient populations. Therefore, more emphasis is needed on PCR examinations after the COVID-

19 symptoms are resolved. A better understanding of transmission risks among individuals with

different clinical presentations or comorbidities will ameliorate the treatment safety of all pa-

tients. To refine the discharge criteria, future case evaluations and studies are warranted. 
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