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Recurrent SARS-CoV-2 Infection and Impaired Immunologic
Response in a Pediatric Oncologic Patient While Treated
With Radiochemotherapy
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Abstract: Immune responses to severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection in pediatric patients with malignant dis-
ease may be affected by tumor therapy. Here, we report the case of a child
with rhabdomyosarcoma and recurrent SARS-CoV-2 infection. Immuno-
logic responses, analyzed by T-cell activity and anti-viral I1gG levels, were
impaired and not durable as a result of intensive radiochemotherapy.
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he severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) pandemic has caused substantial morbidity and
mortality. The impact of SARS-CoV-2 infection in children is an
ongoing matter of discussion, as children appear to be infected less
commonly and with a milder course of the disease.! However, the
rate of infection is likely to be underestimated because infections
in children are often asymptomatic and are therefore tested less fre-
quently. Throughout the pandemic, severe courses of the primary
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disease as well as pediatric inflammatory multisystem syndrome
temporally associated with SARS-CoV-2 have been observed in
children. Increased symptomatic infections were observed as the
coronavirus evolved, including variants B1.1.72 and B1.617.2.3

Although children with underlying malignant disease are
usually at a higher risk for infections in general, only a few corona-
virus disease 2019 cases have been reported during the first wave of
the pandemic.* Nevertheless, these children are generally classified
as high risk. Apart from SARS-CoV-2 associated complications,
they may also be affected by a delay in tumor therapy and increased
exposure to pathogens within hospital facilities.” Furthermore, the
ability of these children to develop an adequate immune response
is not entirely understood.

MATERIALS AND METHODS

To assess T-cell responses against SARS-CoV-2, patient’s
peripheral blood mononuclear cells were incubated with SARS-
CoV-2-specific peptide mixes (SI and SII, containing human leuko-
cyte antigen class I and II SARS-CoV-2-exclusive T-cell epitopes)
and cross-reactive peptide mixes (CI and CII, containing human
leukocyte antigen class I and II T-cell epitopes derived from con-
served sequences of coronavirus antigens).® After in vitro peptide
stimulation, intracellular cytokine staining was performed to detect
antigen-specific T cells as described previously.® For the gating
strategy for the detection of specific T-cell responses, see Figure
1 (Supplemental Digital Content, http://links.lww.com/INF/E696).

RESULTS

We report the case of an 11-year-old boy with rhabdomyo-
sarcoma and subsequent SARS-CoV-2 reinfection. The patient was
diagnosed with disseminated stage IV alveolar rhabdomyosarcoma
in November 2019 (day 1). Histology was confirmed by paratesticu-
lar biopsy of the suspected primary site. Subsequent radiochemo-
therapy was initiated according to the Cooperative Weichteilsarkom
Study Group guidance. Orchidectomy was performed after neo-
adjuvant therapy. Following the fifth cycle of polychemotherapy,
including ifosfamide, vincristine, actinomycin, carboplatin, epiru-
bicin and etoposide, the patient presented with a globus sensation
and subfebrile temperature. There were no additional signs sugges-
tive of SARS-CoV-2 infection, such as respiratory symptoms or an
altered sense of smell and taste. SARS-CoV-2-RNA was detected
in a pharyngeal swab by real-time polymerase chain reaction (RT-
PCR; Ct value of E-gene PCR 32) in April 2020 (day 135) during
the first pandemic wave in Germany. Laboratory results showed
neutropenia (40/uL), lymphopenia (131/uL) and elevated C-reac-
tive protein (CRP) value (4.82mg/dL). Lactate dehydrogenase and
D-dimer levels were not significantly altered.

The follow-up pharyngeal swab, 1 week after the first SARS-
CoV-2 detection, was negative for SARS-CoV-2-RNA, as were con-
secutive oropharyngeal swabs from days 146 to 261. Three weeks
after the first negative RT-PCR and after hematopoietic recovery,
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oncological therapy was continued with polychemotherapy and
radiation, targeting retroperitoneal, mediastinal, left-side supracla-
vicular and hilar lymph nodes; bone metastasis and central nervous
system. Subsequently, oral maintenance chemotherapy was started.

Blood samples of our patient were retrospectively analyzed
for the immune response towards SARS-CoV-2. At the time of the
first SARS-CoV-2 infection, the patient received chemotherapy,
resulting in significantly decreased lymphocyte counts (Fig. 1A).

At time point 1 (day 169), three weeks after clearing the
first SARS-CoV-2 infection (Fig. 1D), only a borderline in vitro
CD8+ T-cell response and no CD4+ response were observed
against SARS-CoV-2-specific peptides (peptide mixes SI/SII). In
contrast, a clear response of CD4+ T cells against cross-reactive
peptides (peptide mix CII) was observed (Fig. 1B). During sub-
sequent intense radiochemotherapy, lymphocyte counts remained
low (maximum 580/uL between March and November). However,
stimulation of T cells with staphylococcal enterotoxin B, serving
as a positive control, resulted in cytokine secretion, indicating a
remaining T-cell function (Fig. 1B). No antibody response was
detected under chemotherapy.

In November 2020 (360 days after the initial diagnosis of
sarcoma), the patient developed dry cough and headaches. Sub-
sequent testing for SARS-CoV-2 revealed RNA in the pharyngeal
swab on days 360 and 369. Next-generation sequencing (Illumina)
detected the SARS-CoV-2 lineage B.1.1.70 (Pangolin tool v3.1.11,
https://pangolin.cog-uk.io/ and https://pangolin.cog-uk.io/), a strain
circulating in Germany that time (GISAID Accession Number EPI_
ISL_4528405). Infection likely occurred after exposure to SARS-
CoV-2 positive close family members. In addition to neutropenia
and lymphopenia, the patient did not develop fever or significantly
altered laboratory results. However, routine magnetic resonance
imaging performed to evaluate remission status revealed lung infil-
tration, possibly attributable to coronavirus disease 2019. In a second
swab obtained 1 week later, SARS-CoV-2 RNA was still detectable
(Ct value E-gene = 26). Following 2 consecutive negative SARS-
CoV-2 swabs (days 376 and 379), subsequent swabs demonstrated
faintly positive results (Ct value E-gene >35) on days 387 and 394.
All further follow-up swabs (sampled at 16 time points from days
401 to 524) remained negative for SARS-CoV-2 RNA, indicating
that SARS-CoV-2 reinfection was cleared. Stool specimens were
not analyzed for viral shedding. SARS-CoV-2 antibody ELISA
revealed seroconversion with the detection of anti-nucleocapsid
IgG. The antibody response occurred with recovery of B-cell counts
after completion of intense radiochemotherapy (Fig. 1A).

At time point 2, 9 weeks after the last positive PCR test,
T-cell responses were re-evaluated. Strong CD3+CD4+ and
CD3+CD8+ T-cell responses against specific SARS-CoV-2 peptide
mixes SI and SII, as well as against cross-reactive peptide mixes CI
and CII, were evident (Fig. 1C).

Despite salvage radiation and intrathecal chemotherapy, the
patient died as a result of the underlying oncological disease after
experiencing intracranial relapse.

DISCUSSION

Prolonged virus shedding for more than 100 days,” recur-
rent detection of SARS-CoV-2 RNA,’> and de novo reinfections®
have been reported for SARS-CoV-2, especially in immunocom-
promised patients. Differentiating between persistent shedding and
reinfection is a challenging task. In the present case, it is likely
that the patient had experienced 2 subsequent SARS-CoV-2 infec-
tions. Although sampling at a low viral load during the first epi-
sode was insufficient for sequencing, the SARS-CoV-2 lineage was
successfully determined for the second episode. Since the detected
strain was predominantly circulating during the second wave in
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Germany (November 2020), a second de novo reinfection is most
likely. Additionally, the relatively long interval between April and
November, the known infection source (exposure from SARS-
CoV-2 positive family members), and typical clinical symptoms
including pulmonary infiltration during the second infection’ argue
in favor of a reinfection.

It is likely that the T-cell response at time point 1 reflects
preexisting cross-reactive CD4+ T cells originating from previous
infections with endemic coronaviruses related to SARS-CoV-2.
These T cells represent preformed memory cells that are reactive
to peptide sequences included in the cross-reactive peptide mix.
The peptide mixtures CI and CII consist of sequences conserved
across coronaviruses, SARS-CoV-2 and other endemic coronavi-
ruses. Therefore, a large proportion of the healthy population has
memory T cells against these antigens.® The cross-reactive cells in
the present patient might have been acquired before the first SARS-
CoV-2 infection but could also have developed as a result of it.
Kundu et al'® recently showed that such cross-reactive memory T
cells are associated with protection against SARS-CoV-2 infection.

Thus, the detected cross-reactive CD4+ and the borderline
specific CD8+ response might have contributed to the clearance of
the patient’s first infection. Antitumor therapy before and after the
first infection seemed to hamper the production of specific antibod-
ies, which were not detected by ELISA. The absence of serocon-
version is associated with profound therapy-related lymphopenia
and B-cell deficiency. Moreover, insufficient T-cell priming and
cytokine support may negatively influence seroconversion, anti-
body production and release.

In contrast, the second infection resulted in strong and per-
sistent CD4+ and CD8+ responses against both cross-reactive and
specific peptides, as well as clear seroconversion. At that time point,
the intense antitumor therapy was terminated and did not severely
interfere with the cellular immune response.

Reinfections with SARS-CoV-2 have also been reported in
patients without preexisting oncological conditions, but are still
very rare, considering the high number of infections worldwide.?
The duration of protective immune responses is not clear, since
long-term follow-up studies are limited to date, and immunity fol-
lowing the first SARS-CoV-2 infection might be insufficient against
emerging virus variants. Nevertheless, the patient experienced a
second infection in close temporal proximity to the first infection,
which did not result in a sufficient antibody response. Even though
the marginal T-cell response appears to be sufficient to clear the
virus initially, long-lasting protection was impaired by subsequent
therapy. Thus, radiochemotherapy can inhibit a durable immune
response and increase the risk of reinfections.

Conversely, cancer patients are not only endangered by the
virus but also by a delay in treatment protocols, and mild SARS-
CoV-2 symptoms should not necessarily lead to a long-lasting
interruption.

Regular screening can help detect reinfections at an early
stage and initiate appropriate measures. Since family members are
a common source of infection, immunization of caretakers and sib-
lings with priority, according to national approval and guidelines,
should be encouraged.

In summary, a limited and transient immune response can
occur in children diagnosed with cancer undergoing radiochemo-
therapy, and previously acquired immunity might be impaired by
these therapies.
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FIGURE 1. Immunologic findings and time course of infection, radiochemotherapy and laboratory parameters. A: Distribution of absolute
cell counts CD4+, CD8+, CD19+, and CD3+ cells at days 138, 141 and 376. B-cell counts increase from day 376. B: CD4+/CD8+ T-cell
activity measured using intracellular cytokine staining (ICS). Multiple positive cytokine markers were detected on day 169. Positive control:
staphylococcal enterotoxin B (SEB), negative control: dimethyl sulfoxide (DMSO). Specific peptide mix HLA class I and Il (Sl and SII),
cross-reactive peptide mix HLA class | and Il (Cl and ClI). A clear CD4+ T-cell response against Cll but only a very weak CD8+ response to
the specific SI mix could be observed. C: CD4+/CD8+ T-cell activity measured by ICS on day 461 shows a clear specific and cross-reactive
CD4+ and CD8+ T-cell response following the second SARS-CoV-2 infection. D: Time course starting on the day of diagnosis of sarcoma
by biopsy (day 1: November 2019). Chemotherapy: 10 cycles and oral maintenance according to the Cooperative Weichteilsarkom Study
(CWS) guidance (blue). Radiotherapy: cycle 1 infradiaphragmal; cycle 2, supradiaphragmal (red). COVID-19-related symptoms: during
first/second infection (green). Positive SARS-CoV-2 RNA detection (purple). Antibody responses were measured at days 90, 169, 224, 272,
362, 369 and 376. No SARS-CoV-2 antibodies were detected before or after the first infection. Detection of IgG nucleocapsid antibodies
during and after second infection. T-cell response: weak positive response after the first infection and explicit response after the second
infection. No sufficient immune response was observed during chemotherapy or radiotherapy.
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