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Low Humoral Immune Response and Ineffective Clearance of SARS-Cov-2 in a COVID-19 Patient With CLL During a 69-Day Follow-Up
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Background: A recent outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2), which began in Wuhan, China, with a high level of human-to-human transmission has been reported. There are limited data available on Coronavirus Disease 2019 (COVID-19) patients with hematological malignancies with more than 60 days of follow-up. This study describes the clinical characteristics, including multiple recurrences of COVID-19, in a patient with chronic lymphocytic leukemia (CLL) during 69 days of follow-up.

Case Presentation: A 72-year-old female was admitted to hospital isolation after being infected with COVID-19 as part of a family cluster on January 30, 2020. Apart from SARS-Cov-2 virus infection, laboratory results revealed lymphocytosis of uncertain etiology and abnormal distribution of T lymphocytes. On blood smears, small blue lymphocytes with scant cytoplasm were observed, and the presence of high levels of circulating clonal B cells was also demonstrated by flow cytometry. The patient was diagnosed with COVID-19 and CLL. Among her family members, she had the highest viral loads and the fastest progression on lung injury and developed severe pneumonia. Serological results showed she had both 2019-nCoV-specific IgM and IgG antibodies; however, only IgG antibodies were detected in her husband's plasma.

Results: A combination regimen of antiviral therapy and high-dose intravenous immunoglobulin (IVIG) in the early stage seemed to be effective for treating CLL and SARS-Cov-2 infection. Because of the low humoral immune response, the CLL patient could not effectively clear the SARS-Cov-2 infection and suffered from recurrence twice during the 69-day follow-up.

Conclusion: In CLL, a neoplastic antigen-specific B-cell clone proliferates, and the progeny cells accumulate and outgrow other B cells, leading to immune deficiency. Considering the low humoral immune response and ineffective clearance of SARS-Cov-2 in CLL patients, the follow-up and home quarantine period should be extended. We need further studies to clarify suspending or continuing CLL therapy during COVID infection. For those patients who are prone to progression to severe disease, administering humoral immunity therapies can help to prevent disease progression and quickly meet the cure criteria.
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BACKGROUND

Chronic lymphocytic leukemia (CLL) is a malignant hematological disorder characterized by the accumulation of single-clone B lymphocytes in peripheral blood, lymph nodes, and bone marrow (1). The diagnosis of CLL is based on the International Workshop on Chronic Lymphocytic Leukemia (IWCLL) criteria (2). Infectious complications due to immune dysfunction constitute the leading cause of mortality in patients with CLL. A neoplastic antigen-specific B-cell clone proliferates and outgrows other B cells, leading to humoral immune deficiency in CLL patients (3). Moreover, monoclonal cells affect the phenotype and function of a variety of innate and adaptive immune cells, including monocytes, T cells, and natural killer cells, leading to a tumor-supportive environment and reduced immune surveillance (4, 5). A study found that cellular immunotherapy impeded CLL, which may be related to acquired immune dysfunction that mainly manifests as abnormal expansion of T cells, failure to form synaptic T cells, and inhibition of T cell migration (6). Inhibition of immune surveillance increases the risk of viral infections (7).

During the recent outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2), which began in Wuhan, China, a high degree of human-to-human transmission via direct or indirect contact with large respiratory droplets and/or airborne transmission has been reported (8–10). In addition to fever, a variety of signs and symptoms, including cough, diarrhea, fatigue, and headache, may be presented, and infections can cause disease that ranges in severity from trivial colds and sore throats to serious laryngeal and tracheobronchial infections, bronchiolitis, and frank pneumonia (11). Studies have shown the general susceptibility of the population and have revealed the risk factors for the development of severe pneumonia, including neoplastic disorders, cardiovascular and cerebrovascular diseases, and advanced age (10, 12). There are limited data available on patients with coronavirus disease 2019 (COVID-19) and also hematological malignancies over more than 60 days of follow-up. In this study, we report the clinical characteristics, treatment, and multiple recurrence of COVID-19 in a patient with CLL during a 69-day follow-up.



CASE PRESENTATION

A 72-year-old female experienced the onset of COVID-19 after being infected as part of a household cluster. Figure 1A shows the genealogical family tree. II-3 was the index patient, and he was admitted to the hospital on January 30, 2020, with a consistent cough that had lasted for 10 days. A nasopharyngeal swab was positive for SARS-Cov-2. Nasopharyngeal swabs from three males (I-1, II-3, and III-5) and 1 female (I-2) in the household were also positive for SARS-Cov-2. On admission, I-2 had no complaints, with no cough, fever, or shortness of breath. Four months prior, a blood analysis at a local hospital showed that she had increased lymphocytes (34.22 × 109/L, range, 1.1–3.2) and normal counts of hemoglobin and platelets during a regular medical examination. On January 23, she had a moderate fever with a mild cough and no muscle aches or other symptoms. A chest computed tomography scan (CT) (Figure 1Ba1,a2) revealed slight bronchopneumonia in the superior lobe of the right lung. On January 30, a nasopharyngeal swab tested positive for SARS-Cov-2. Laboratory examinations showed abnormally increased lymphocytes (26.9 × 109/L, range, 1.1–3.2) with normal counts of hemoglobin and platelets, elevated D-dimer (3.23 mg/L, range, < 0.5), and decreased immunoglobulin A (0.75 U/L; range,0.82–4.53). A blood smear showed a large number of mature lymphocytes (Figure 1C). Immunophenotypic analysis showed that a single B lymphocyte clone accounted for 73.3% in non-erythroid cells; these cells were CD19dim, CD5+, CD22+, CD20+, CD23+, CD200+, and FMC7+, while kappa light chain was restrictively expressed, and CD10, CD103, and sIgM were not expressed (Figure 1D). Multiple areas of ground-glass opacities under the pleura of both lungs were observed on chest CT on the admission day (Figure 1Bb1–b3). She was diagnosed with COVID-19 and CLL. Figure 1E shows the symptoms, the results of the virus RT-PCR tests, and the treatments used for I-2, I-1, and II-3 during a follow-up period of 69 days.
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FIGURE 1. The clinical characteristics and treatment of a COVID-19 patient with chronic lymphocytic leukemia (CLL) (I-2) from a familial cluster during 69 days of follow-up. (A) Genealogical tree of patient I-2. (B) Chest CT of patient I-2 on day -7 (a1,a2), day 1 (b1,b2,b3), day 8 (c1,c2), day 18 (d1,d2), day 26 (e1,e2), day 35 (f1,f2), and day 47 (g1,g2). (C) Peripheral blood smear of patient I-2 (Wright's staining, oil-immersion lens, 1,000 ×). (D) Immunophenotyping of peripheral blood cells of patient I-2. (E) Time at home or in hospital, clinical symptoms, positive or negative novel coronavirus nucleic acid result, and the use of antiviral drugs and immune modulators for 69 days of follow-up of patients I-2, I-1, and II-3. a-2b: interferon α-2b, IVIG: intravenous immunoglobulin.


On admission day 3, I-2 complained of shortness of breath, and arterial blood gas analysis revealed hypoxemia. A comprehensive analysis of the clinical manifestations and pulmonary image and a decreased neutrophil-to-lymphocyte ratio showed that the patient had developed severe pneumonia. She received a modified combination regimen composed of 800/200 mg/day lopinavir/ritonavir (LPV/r), 1,000 WU/day interferon α-2b via aerosol inhalation, 1.6 mg/day subcutaneous thymosin, 0.6 g/day arbidol (tablets), and 250 mg/kg/day intravenous immunoglobulin (IVIG) for 5 days. Chest CT revealed focal consolidation accompanied by fibrosis in the patient on day 8 (Figure 1Bc1,c2). The patient suffered secondary pulmonary bacterial infection and received anti-infective treatment on day 10. Beginning on day 13, no fever, headache, dizziness, nausea, vomiting, or other complications affecting the respiratory system were observed. Re-examination with chest CT on day 18 revealed the absorption of pneumonia (Figure 1Bd1,d2). Respiratory, serum, and stool specimens were negative for SARS-Cov-2 for 2 days according to the results of repeated RT-PCR tests. The patient recovered and was discharged on February 19.

Chest CT revealed obvious improvement of the double lung infection in the patient on day 26 (Figure 1Be1,e2). However, on day 35, a respiratory specimen was positive for SARS-Cov-2, and the patient was readmitted to the hospital for isolation, though she had no complaints. Chest CT revealed new ground-glass shadows in the patient (Figure 1Bf1,f2). Serological results revealed both 2019-nCoV-specific IgM and IgG antibodies in patient I-2; however, only specific IgG antibodies were detected in her husband's plasma. She received 1,000 WU/day interferon α-2b, 0.6 g/day arbidol (tablets), and 250 mg/kg/day IVIG for 3 days to modulate the immune response. Chest CT showed obvious absorption of the infection in the patient on day 47 (Figure 1Bg1,g2). On day 50, respiratory, stool, and serum specimens showed two successive negative results. The patient was discharged on day 52. IVIG was intravenously injected once a week after discharge. However, the patient tested positive for the virus for the third time on day 64, and she was the third admitted to the hospital for isolation. Interferon α-2b via aerosol inhalation, arbidol (tablets), and IVIG were applied on April 2. On day 67, respiratory, serum, and stool specimens were all negative for SARS-Cov-2 for 2 days once again. She was discharged again on day 69.

Compared with that of I-1 and II-3, the neutrophil-to-lymphocyte ratio (NLR) of I-2 was significantly lower (P < 0.05) (Figure 2A, t-test, using SPSS software version 22). According to the Ct values determined with the SARS-Cov-2 virus test, I-2 had the lowest Ct value among the three patients regardless of whether the specimen was from the initial nasopharyngeal swab or initial sputum (Figure 2B). Decreased Ct values indicate increased viral load. At diagnosis, the levels of immunoglobulin (Ig) G, IgA, and IgM for I-2 were among the lowest of those of the family members (Figure 2C). Routine blood examination was performed, and C-reaction protein, D-dimer, liver function, and renal function were monitored. The white blood cell (WBC) and lymphocyte counts for I-2 were evidently high, and they dropped significantly after every recurrent novel coronavirus infection (Figure 2D). The expressions of CRP and D-dimer were significantly elevated during the process of treatment (Figures 2E,F). However, no remarkable changes were observed in hepatorenal function in I-1, II-3, and I-2 (Figures 2G,H). The dynamic trends of CD4+ and CD8+ lymphocytes, B lymphocytes, and cytokines IL-6 and IL-10 in patients I-2, I-1, and II-3 within 69 days of follow-up are shown in Figure 3. The lymphocytes were detected with flow cytometry assays, and the cytokines were measured in serum. At first, the numbers of CD4+ and CD8+ lymphocytes of I-2 were higher than those of II-3 and I-1, while the CD4+/CD8+ ratio of I-2 was lower than that of the other two subjects (Figures 3C,D). Significant increases in IL-6 levels were observed in I-2 before the first recurrence (Figure 3E), and the IL-10 levels in I-2 were high before the second recurrence (Figure 3F).
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FIGURE 2. Comparison of laboratory results of patients from a household cluster with COVID-19 during 69 days of follow-up. (A) Trends of the neutrophil-to-lymphocyte ratio (NLR) during follow-up for 69 days. (B) Ct values for detection of novel coronavirus nucleic acid. (C) IgG, IgM, and IgA levels of I-2, I-1, and II-3 at initial diagnosis. Changes in (D) routine blood examination values, (E) C-reactive protein (CRP), (F) D-dimers, (G) liver function including galanine transaminase and total bilirubin, (H) renal function including creatinine and blood urea nitrogen in patients I-2, I-1, and II-3 during the 69-day follow-up. *p = 0.01–0.05 and ***p < 0.001.
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FIGURE 3. Dynamic trends in the lymphocyte subsets and cytokines in peripheral blood among patients within a household cluster with COVID-19 during 69 days of follow-up. Trends of (A) lymphocyte subsets; (B) B lymphocytes; (C) CD8+ T lymphocytes; (D) CD4+ T lymphocytes. (E) Level of IL-6 in peripheral blood as detected by flow cytometry; (F) level of Il-10 in peripheral blood as detected by flow cytometry.




DISCUSSION

There are limited data available on COVID-19 patients with hematological malignancies over more than 60 days of follow-up. Our patient met the diagnostic IWCLL criteria. Monoclonal cells in CLL affect the phenotype and function of a variety of innate and adaptive immune cells, leading to an infection-prone environment and reduced immune surveillance (4, 13, 14). Studies have found humoral immune failure in CLL, which may be associated with hypogammaglobulinemia and IgG subclass deficiency (3, 15–17), as CLL cells impair the immune system (18). Several lines of evidence have indirectly indicated that antigenic stimulation through the B-cell receptor (BCR) supports CLL development (19), and patients with CLL should avoid using drugs that impair B-cell function during SARS-CoV-2 infection.

Furthermore, there is increased susceptibility to viral infections due to T-cell dysfunction in CLL patients (17). By monitoring and comparing the patient's laboratory findings with those of the other family members, we found significant differences between the immunosuppressed patient and immune-competent patients, including the counts of blood cells and of the CD4+ and CD8+ lymphocyte subpopulations and B cells in peripheral blood and the levels of cytokines after 2 months of infection. Within 10 days after infection, the WBC of I-2 decreased significantly with decreases in neutrophils and lymphocytes to a certain extent, while I-1 and II-3 had normal immune function, increased neutrophils, and a slight decrease in lymphocytes. At first, the numbers of CD4+ and CD8+ lymphocytes of I-2 were higher than those of II-3 and I-1, while the CD4+/CD8+ ratio of I-2 was lower than that of the latter two subjects. During the follow-up, a significant decrease in CD8+ lymphocytes was observed in I-2. However, minor changes in lymphocytes, including CD8+ T cells, were observed in II-3 and I-1. Interestingly, significant increases in IL-6 levels were observed in I-2 before the first recurrence, and IL-10 levels were high before the second, suggesting that high IL-6 or IL-10 levels may also predict the recurrence of SARS-Cov-2.

Multiple scattered ground-glass shadows in the lung, a high viral load, and the decreased NLR provided clues that I-2 had developed severe pneumonia. A study has shown that monitoring the NLR is helpful in the early screening of critical illness and the diagnosis and treatment of COVID-19 (20). The condition of patients with CLL should be monitored according to the NLR rather than the absolute number of lymphocytes. Liu et al. (20) reported that the degree of lymphopenia and the severity of proinflammatory cytokine storms are increased in severe COVID-19 patients compared with those in patients with mild cases. Severe patients showed significant and sustained decreases in lymphocyte and T-cell counts and increases in IL-6, IL-10, IL-2, and IFN-γ levels, while mild cases exhibited increased neutrophil counts (12, 21). The clinical characteristics in our case were consistent with the features of severe cases.

Owing to humoral immune dysfunction, complete antibodies are improperly formed. Based on the inhibition of innate immune surveillance and the dysfunction of acquired immunity, clearance of the virus showed a delay in I-2 in comparison with I-1 and II-3. Complete antibodies were not formed, and weakened cell-killing effects prevented the virus from being completely cleared and led to repeated recurrence. Recurrent positivity for SARS-Cov-2 will likely occur in I-2 for a longer period of time. High-dose IVIG combined with antiviral therapy seems to be an effective treatment to alter the inflammatory response and prevent the development of severe pneumonia.



CONCLUSION

In CLL patients, a neoplastic antigen-specific B-cell clone proliferates and outgrows other B cells, leading to immune deficiency. Considering the low humoral immune response and ineffective clearance of SARS-Cov-2 in CLL patients, the follow-up and home quarantine period should be extended for such patients. The treatment of CLL may lead to further weakening of humoral immunity. Therefore, we need further studies to clarify whether CLL therapy should be suspended or continued during COVID infection. For those patients who are prone to progression into a severe stage, administering humoral immunity therapies can help to prevent disease progression and quickly meet the cure criteria.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of the Fourth Affiliated Hospital of Zhejiang University. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article, and for the publication of this case report.



AUTHOR CONTRIBUTIONS

XY, XX, BL, and JH: performed the research and wrote the manuscript. WZ and YL: performed the experiments and analyzed the data. JW and XH: assisted with laboratory experiments and provided technical advice. JinJ and DC: contributed to patient samples and assisted with data collection. JieJ and JH: designed the study and assisted in manuscript preparation. All authors approved the manuscript for submission.



FUNDING

The research was supported by the academician workstation of the Fourth Affiliated Hospital of the Zhejiang University School of Medicine (2019–2024) and by funding from the Public Technology Research Projects of Yiwu, China (2016S05), the Key Project of Jinhua Science and Technology Plan (2020XG-29), the Key Medical Discipline of Yiwu, China (Hematology, 2018–2020), the Key Medical Discipline of Jinhua, China (Hematology, 2019–2021), and the Project of Educational Commission of Zhejiang Province of China (Y201942124).



ACKNOWLEDGMENTS

The authors gratefully acknowledge the patients and thousands of unsung heroes in fighting against the epidemic of COVID-19.



REFERENCES

 1. Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert R, et al. The 2016 revision of the World Health Organization classification of lymphoid neoplasms. Blood. (2016) 127:2375–90. doi: 10.1182/blood-2016-01-643569

 2. Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F, Dighiero G, Dohner H, et al. iwCLL guidelines for diagnosis, indications for treatment, response assessment, and supportive management of CLL. Blood. (2018) 131:2745–60. doi: 10.1182/blood-2017-09-806398

 3. Andersen BL, Goyal NG, Weiss DM, Westbrook TD, Maddocks KJ, Byrd JC, et al. Cells, cytokines, chemokines, and cancer stress: A biobehavioral study of patients with chronic lymphocytic leukemia. Cancer. (2018) 124:3240–8. doi: 10.1002/cncr.31538

 4. Jurado-Camino T, Cordoba R, Esteban-Burgos L, Hernandez-Jimenez E, Toledano V, Hernandez-Rivas JA, et al. Chronic lymphocytic leukemia: a paradigm of innate immune cross-tolerance. J Immunol. (2015) 194:719–27. doi: 10.4049/jimmunol.1402272

 5. Görgün G, Holderried TA, Zahrieh D, Neuberg D, Gribben JG. Chronic lymphocytic leukemia cells induce changes in gene expression of CD4 and CD8 T cells. J Clin Invest. (2005) 115:1797–805. doi: 10.1172/JCI24176

 6. Ramsay AG, Evans R, Kiaii S, Svensson L, Hogg N, Gribben JG. Chronic lymphocytic leukemia cells induce defective LFA-1-directed T-cell motility by altering Rho GTPase signaling that is reversible with lenalidomide. Blood. (2013) 121:2704–14. doi: 10.1182/blood-2012-08-448332

 7. Burger JA, Wiestner A. Targeting B cell receptor signalling in cancer: preclinical and clinical advances. Nat Rev Cancer. (2018) 18:148–67. doi: 10.1038/nrc.2017.121

 8. The Lancet. Emerging understandings of 2019-nCoV. Lancet. (2020) 395:311. doi: 10.1016/S0140-6736(20)30186-0

 9. Wang C, Horby PW, Hayden FG, Gao GF. A novel coronavirus outbreak of global health concern. Lancet. (2020) 395:470–3. doi: 10.1016/S0140-6736(20)30185-9

 10. Xu XW, Wu XX, Jiang XG, Xu KJ, Ying LJ, Ma CL, et al. Clinical findings in a group of patients infected with the 2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China: retrospective case series. BMJ. (2020) 368:m606. doi: 10.1136/bmj.m606

 11. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics of coronavirus disease 2019 in China. N Engl J Med. (2020) 382:1708–20. doi: 10.1056/NEJMoa2002032

 12. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. (2020) 395:497–506. doi: 10.1016/S0140-6736(20)30183-5

 13. Asslaber D, Qi Y, Maeding N, Steiner M, Denk U, Hopner JP, et al. B-cell-specific IRF4 deletion accelerates chronic lymphocytic leukemia development by enhanced tumor immune evasion. Blood. (2019) 134:1717–29. doi: 10.1182/blood.2019000973

 14. Kwok M, Oldreive C, Rawstron AC, Goel A, Papatzikas G, Jones RE, et al. Integrative analysis of spontaneous CLL regression highlights genetic and microenvironmental interdependency in CLL. Blood. (2020) 135:411–28. doi: 10.1182/blood.2019001262

 15. Crassini KR, Zhang E, Balendran S, Freeman JA, Best OG, Forsyth CJ, et al. Humoral immune failure defined by immunoglobulin class and immunoglobulin G subclass deficiency is associated with shorter treatment-free and overall survival in chronic lymphocytic leukaemia. Br J Haematol. (2018) 181:97–101. doi: 10.1111/bjh.15146

 16. Forconi F, Moss P. Perturbation of the normal immune system in patients with CLL. Blood. (2015) 126:573–81. doi: 10.1182/blood-2015-03-567388

 17. Zent CS. CLL: an acquired immunodeficiency disease. Blood. (2016) 128:1908–09. doi: 10.1182/blood-2016-08-734475

 18. van Bruggen JAC, Martens AWJ, Fraietta JA, Hofland T, Tonino SH, Eldering E, et al. Chronic lymphocytic leukemia cells impair mitochondrial fitness in CD8(+) T cells and impede CAR T-cell efficacy. Blood. (2019) 134:44–58. doi: 10.1182/blood.2018885863

 19. Baliakas P, Jeromin S, Iskas M, Puiggros A, Plevova K, Nguyen-Khac F, et al. Cytogenetic complexity in chronic lymphocytic leukemia: definitions, associations, and clinical impact. Blood. (2019) 133:1205–16. doi: 10.1182/blood-2018-09-873083

 20. Liu J, Li S, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal characteristics of lymphocyte responses and cytokine profiles in the peripheral blood of SARS-CoV-2 infected patients. EBioMedicine. (2020) 55:102763. doi: 10.1016/j.ebiom.2020.102763

 21. Allegra A, Musolino C, Tonacci A, Pioggia G, Casciaro M, Gangemi S. Clinico-biological implications of modified levels of cytokines in chronic lymphocytic leukemia: a possible therapeutic role. Cancers. (2020) 12:524. doi: 10.3390/cancers12020524

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Ye, Xiao, Li, Zhu, Li, Wu, Huang, Jin, Chen, Jin and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fonc-10-01272-g003.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Low Humoral Immune Response and Ineffective Clearance of SARS-Cov-2 in a COVID-19 Patient With CLL During a 69-Day Follow-Up



		Background



		Case Presentation



		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Oncology

Low Humoral Immune Response and
Ineffective Clearance of SARS-Cov-2
in @ COVID-19 Patient With CLL
During a 69-Day Follow-Up





OPS/images/fonc-10-01272-g001.gif
- edeeele)
Moo






OPS/images/fonc-10-01272-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Oncology





