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To the Editor:

Whether people who have recovered from COVID-19 can
be re-infected by SARS-CoV-2 is a matter of debate.
Antibodies against SARS-CoV-2 can be detected in up to
98.6% of patients after infection, but only in 67% of
patients with CLL [1]. In this context, anti-CD20 therapy
is of special interest, as the memory B-cells are crucial for
the development of immunity against SARS-CoV-2 [2]. A
recent study from China has revealed that the failure to
mount a robust humoral response against SARS-CoV-2
is associated with re-detection of SARS-CoV-2 in 7.3%
of patients [3]. In addition, patients with hematological
malignancies are also more vulnerable to a severe
course [4].

In this brief report, we present the case of a female patient
with a rituximab-treated B-cell lymphoma with severe relapse
4 months after moderate COVID-19 due to SARS-CoV-2.

We present the case of a 56-year old woman who was
diagnosed with a follicular lymphoma (grade 2–3a, stage
IV, bone marrow >50%) in 2019. The patient was started on
a combination therapy with rituximab (375 mg/m2) and
bendamustine (90 mg/m2) for six cycles, followed by
single-agent rituximab (375 mg/m2 IV every 8 weeks) after
achieving complete remission. The last treatment occurred
on March 16th. On April 2nd, she developed a 38.4 °C
fever without other symptoms. After 10 days, she felt
shortness of breath and dry cough, and she was admitted to
the hospital. A low-dose-CT chest scan revealed ground
glass opacities. RT-PCR SARS-CoV2 testing on a nasal-
throat-swab was positive. Physical examination revealed a
body temperature of 37.9 C, a blood pressure of 126/80
mmHg, a pulse of 118 beats/min and a respiratory rate of 26
breaths/min. Her oxygen saturation remained above 93%
with low flow oxygen supply. Decreased counts of white
blood cells (4.2 × 109/L) and lymphocytes (0.53 × 109/L)
were detected. The absolute counts of T-lymphocytes
(CD3+/CD4+: 82 cells/μL; CD3+/CD8+: 89 cells/μL;
CD4/CD8-ratio: 0.92) were decreased, and notably, no B-
cells were detectable. Six days after hospitalization, she had
no further symptoms. RT-PCR tests for SARS-CoV-2
remained negative, and the patient was discharged from the
hospital. At 3 weeks after discharge, a SARS-CoV-2-antibody
ELISA was negative (See Supplementary material).

Unexpectedly, 4 months later, her symptoms of dry cough
and intermittent fever re-appeared. Outpatient care with two
nasal-throat swabs revealed negative RT-PCR results. How-
ever, her fever increased, and she developed fatigue and was
re-admitted to the hospital. Her chest CT showed radiographic
signs indicative of COVID-19. Three SARS-CoV-2 RT-PCR
tests of nasal-throat swabs and induced sputum remained
negative. Despite previous infection, her SARS-CoV2-IgG
was below the lower limit of detection.
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In the following days, her respiratory situation detori-
ated, and she was transferred to the ICU. Her respiratory
support needed to be switched to invasive ventilation. The
patient had a Horowitz-Index of 150 and required nor-
epinephrine support (0.05 µg/kg/min). Because the patho-
gen remained unknown, a bronchoscopy was performed
directly after intubation, and broncho-alveolar lavage finally
confirmed the presence of SARS-CoV2-RNA. Remdesivir
and convalescent plasma (initially after PCR results were
obtained and again 3 days later) and finally Infliximab

(5 mg/kg body weight) were administered. This therapy
resulted in an improvement in her condition, and extubation
was achieved after 5 days of ventilation. Notably, after
application of reconvalescent plasma, the patient had
detectable levels of SARS-CoV2-IgG (12.6 AU/ml).

Given the suspected relapse of the SARS-CoV-2 infec-
tion, a molecular and immunological work-up was per-
formed. Since a SARS-CoV-2 positive swab of the first
episode was stored in our biobank, we were able to
sequence and compare both samples.

Fig. 1 t-SNE map of blood leukocytes after exclusion of granulo-
cytes. Cells were stained with 30 antibodies for cell surface molecules
and analyzed by mass cytometry. Main leukocyte populations were
assigned according to their marker expression (Supplementary

Table 2) pDC: plasmacytoid dendritic cells, mDC: myeloid dendritic
cells. The t-SNE maps A (controls) and B (patients) are colored
according to their cell densities (red indicates the highest cell density).
A complete absence of B cells in the patient is shown.
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The vi059641(t0) and vi059641(t1) genomes, both iso-
lated 4 months apart, differed by 12 base-pair substitutions.
This number of substitutions is expected after 4 months,
according to the estimated annual evolution rate of 1.24 ×
10−3 substitutions per site for SARS-CoV-2 [5, 6]. In
addition, both isolates were of lineage B.1 [7] and were
found to share the same origin when plotted on a phylo-
genetic tree with 354 other German SARS-CoV-2 isolates
(Supplementary Fig. S1). Both the placement within the
phylogenetic tree and the number of substitutions convin-
cingly indicated that both isolates belonged to the same
SARS-CoV-2 strain. These results suggest, that the virus
has persisted and evolved within the patient during the last
four months.

We used flow cytometry to characterize major leukocyte
subpopulations in the patient and in five sex- and age-
matched controls (antibody panel is presented in Supple-
mantary Table S1, markers used for phenotyping
characterization are presented in Supplementary Table S2).

As expected, the patient’s lymphocyte count was severely
diminished. For detailed analyzes, we used mass cytometry
and performed t-distributed stochastic neighbor embedding
(viSNE) [8] to compare cell population densities in the
patient and the controls (Fig. 1).

Analysis of 35 different leukocyte subpopulations revealed
that the patient’s lymphopenia was marked by the complete
absence of B-cells and a severe decrease in T-cells. The fre-
quencies of γ/δ T-cells, MAIT, and NKT-cells were all lower
in the patient than the controls (data not shown). In contrast to
recent reports on COVID-19 [9], the percentage of CD8+
cytotoxic T-cells among all T-cells was markedly elevated in
the patient, whereas the percentage of CD4+ T helper (Th)
cells was diminished (Fig. 2A–D).

The functional differentiation of Th-cells revealed a
markedly lower frequency of Th1-cells and a higher fre-
quency of regulatory T-cells in the patient than in the
controls. The frequencies of Th2- and Th17-cells were
similar in the patient and controls (Fig. 2E–H).

Fig. 2 Analysis of leukocyte subpopulations of the patient.
A–D Absolute numbers of CD3 + T cells and percentages of CD3 +
CD8 + cytotoxic T cells and CD3 + CD4 + T helper (Th)
cells in the blood of the patient (black bars) and six controls (gray
bars). E–H Frequencies of Th1 (CXCR3+CCR6−CCR4−CXCR5−),

Th2 (CXCR3−CCR6−CCR4+ CXCR5−), Th17 (CXCR3−CCR6+

CCR4+CXCR5−), and Treg (CD25+CD127−CCR4+HLA-DR−) cells
among CD3+CD4+ T cells in the patient (black bars) and controls
(gray bars).

Severe clinical relapse in an immunocompromised host with persistent SARS-CoV-2 infection



The patient was discharged without residual symptoms
3 weeks after the second admission. At 6 weeks after dis-
charge, the patient remains in good general condition,
the pulmonary infiltration was completely resolved.
SARS-CoV2 PCR from broncho-alveolar lavage was nega-
tive, and the SARS-CoV-2 antibodies had decreased to 4.1
AU/ml, thus suggesting that in our patient only transfused
antibodies without endogenous production were detected.

In conclusion, this is the first report that has demonstrated
re-activation by sequencing and applying the annual
evolution rate. This case shows, that patients with impaired
lymphycte populations are of higher risk for persistence and
clinical reactiviation of SARS-CoV-2, especially if they do
not develop anti-SARS-CoV-2 antibodies. A possible treat-
ment strategy for these patients may be infusion of con-
valescent plasma. Hematologic therapies should be selected
with caution, particularly those containing anti-CD20 anti-
bodies [10].

Funding Open Access funding enabled and organized by Projekt
DEAL.

Compliance with ethical standards

Conflict of interest The authors declare no competing interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Roeker LE, Knorr DA, Pessin MS, Ramanathan LV, Thompson
MC, Leslie LA, et al. Anti-SARS-CoV-2 antibody response in
patients with chronic lymphocytic leukemia. Leukemia.
2020;34:3047–9. https://doi.org/10.1038/s41375-020-01030-2.

2. Gaebler C, Wang Z, Lorenzi JCC, Muecksch F, Finkin S,
Tokuyama M, et al. Evolution of antibody immunity to SARS-
CoV-2. Nature. 2021. https://doi.org/10.1038/s41586-021-
03207-w. Online ahead of print. PMID: 33461210.

3. Hu F, Chen F, Ou Z, Fan Q, Tan X, Wang Y, et al. A compro-
mised specific humoral immune response against the SARS-CoV-
2 receptor-binding domain is related to viral persistence and
periodic shedding in the gastrointestinal tract. Cell Mol Immunol.
2020. https://doi.org/10.1038/s41423-020-00550-2.

4. van Doesum J, Chinea A, Pagliaro M, Pasquini MC, van Meerten T,
Bakker M, et al. Clinical characteristics and outcome of SARS-
CoV-2-infected patients with haematological diseases: a retro-
spective case study in four hospitals in Italy, Spain and the Neth-
erlands. Leukemia. 2020;34:2536–8. https://doi.org/10.1038/
s41375-020-0960-4.

5. Li X, Zai J, Zhao Q, Nie Q, Li Y, Foley BT, et al. Evolutionary
history, potential intermediate animal host, and cross-species
analyses of SARS-CoV-2. J Med Virol. 2020;92:602–11. https://
doi.org/10.1002/jmv.25731.

6. Zhao Z, Li H, Wu X, Zhong Y, Zhang K, Zhang Y-P, et al.
Moderate mutation rate in the SARS coronavirus genome and its
implications. BMC Evol Biol. 2004;4:21. https://doi.org/10.1186/
1471-2148-4-21.

7. Rambaut A, Holmes EC, O’Toole Á, Hill V, McCrone JT, Ruis C,
et al. A dynamic nomenclature proposal for SARS-CoV-2 linea-
ges to assist genomic epidemiology. Nat Microbiol. 2020:1–5.
https://doi.org/10.1038/s41564-020-0770-5.

8. Amir ED, Davis KL, Tadmor MD, Simonds EF, Levine JH,
Bendall SC, et al. viSNE enables visualization of high dimen-
sional single-cell data and reveals phenotypic heterogeneity of
leukemia. Nat Biotechnol. 2013;31:545–52. https://doi.org/10.
1038/nbt.2594.

9. Hadjadj J, Yatim N, Barnabei L, Corneau A, Boussier J, Smith N,
et al. Impaired type I interferon activity and inflammatory
responses in severe COVID-19 patients. Science.
2020;369:718–24. https://doi.org/10.1126/science.abc6027.

10. von Lilienfeld-Toal M, Vehreschild JJ, Cornely O, Pagano L,
Compagno F, Infectious Disease Scientific Working Group EHA,
et al. Frequently asked questions regarding SARS-CoV-2 in
cancer patients-recommendations for clinicians caring for patients
with malignant diseases. Leukemia. 2020;34:1487–94. https://doi.
org/10.1038/s41375-020-0832-y.

P. A. Reuken et al.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41375-020-01030-2
https://doi.org/10.1038/s41586-021-03207-w
https://doi.org/10.1038/s41586-021-03207-w
https://doi.org/10.1038/s41423-020-00550-2
https://doi.org/10.1038/s41375-020-0960-4
https://doi.org/10.1038/s41375-020-0960-4
https://doi.org/10.1002/jmv.25731
https://doi.org/10.1002/jmv.25731
https://doi.org/10.1186/1471-2148-4-21
https://doi.org/10.1186/1471-2148-4-21
https://doi.org/10.1038/s41564-020-0770-5
https://doi.org/10.1038/nbt.2594
https://doi.org/10.1038/nbt.2594
https://doi.org/10.1126/science.abc6027
https://doi.org/10.1038/s41375-020-0832-y
https://doi.org/10.1038/s41375-020-0832-y

	Severe clinical relapse in an immunocompromised host with persistent SARS-CoV-2 infection
	To the Editor:
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




