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ARTICLE INFO ABSTRACT
Am'd_e history: Immunocompromised patients who have a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
Received 22 May 2021 2) infection pose many clinical and public health challenges. We describe the case of a hematopoietic
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stem cell transplantation patient with lymphoma who had a protracted illness requiring three consecu-
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tive hospital admissions. Whole genome sequencing confirmed two different SARS-CoV-2 clades. Clinical
management issues and the unanswered questions arising from this case are discussed.
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1. Introduction in immunocompromised persons is an important clinical and pub-
lic health challenge (Choi et al., 2020).
The coronavirus disease 2019 (COVID-19) pandemic continues
to spread worldwide (WHO 2020). Understanding severe acute res- 2. Case presentation (Figure 1A)
piratory syndrome coronavirus 2 (SARS-CoV-2) shedding, transmis-
sion dynamics, and re-infection with different SARS-CoV-2 clades 2.1 First admission to hospital

A 51-year-old female patient presented with a 3-day history of
—_— fever, cough, malaise, and headache. Several of her family mem-
* Abeer N. Alshukairi, Sherif A. El-Kafrawy, Alimuddin Zumla, and Esam I. Azhar bers had recently been ill with SARS-CoV-2 infection. PCR on her
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nasopharyngeal swab was positive for SARS-CoV-2 (cycle thresh-
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tologous hematopoietic stem cell transplantation (ASCT) for which
she received multiple courses of chemotherapy. She had experi-
enced a relapse of lymphoma, and remission was achieved on rit-
uximab therapy. She was also receiving monthly intravenous im-
munoglobulins (IVIG) for lymphoma-associated hypogammaglobu-
linemia. She was admitted to hospital and received a 7-day course
of intravenous ceftriaxone for pneumonia. She improved clinically
and was discharged home on day 7 post admission. The patient
did not receive remdesivir, since it was not available in the hos-
pital during this period. She did not receive steroids during this
admission.

2.2. Second hospital admission

On day 19 post first admission, she was re-admitted to hos-
pital with fever, cough, and dyspnea. Her oxygen saturation was
96% on room air and a chest X-ray showed bilateral lung in-
filtrates. PCR of a nasopharyngeal swab was positive for SARS-
CoV-2, with a Ct value of 13. A chest computed tomography (CT)
scan showed diffuse bilateral ground glass opacities. She received
steroids, meropenem, and IVIG. Two weeks after her admission,
she received methylprednisolone 1 mg/kg IV daily for three days
followed by 0.5 mg/kg iv daily for two days. SARS-CoV-2 serology
was negative by both ELISA and microneutralization antibody test
(MNT) on day 40. She was discharged after 3 weeks of hospitaliza-
tion and managed in the outpatient setting for presumed crypto-
genic organizing pneumonia. She received 40 mg of prednisolone
daily for 10 days, followed by tapering doses of prednisolone over
1 month. She then received 30 mg of prednisolone daily for 3
weeks, followed by tapering doses of prednisolone over another
month. Her fever improved but she had persistent exertional dys-
pnea. The patient re-presented to the emergency room (ER) with
fever and feeling unwell on day 114. PCR of a nasopharyngeal swab
was positive for SARS-CoV-2 (Ct value of 17). She was prescribed a
7-day course of ciprofloxacin for pneumonia and sent home.

2.3. Third hospital admission

The patient was readmitted on day 160 with a history of pro-
gressive fever and dyspnea over several weeks since her last visit
to the ER. Her nasopharyngeal swab PCR was positive for SARS-
CoV-2 (Ct value of 34). A plaque assay for the tested samples
showed a high viral load for both the nasopharyngeal (NP) sam-
ple on day 31 and bronchoalveolar lavage (BAL) sample on day 168
compared to the positive control, even at the highest dilution (10°)
( Supplementary Material Figure S1). A chest CT scan showed new
ground glass opacities with air bronchogram in the right and left
lower lobes. She received intravenous antibiotics (meropenem and
linezolid) and dexamethasone. Bronchoscopy was performed, and
BAL cytology showed reactive bronchial epithelial cells, alveolar
macrophages, and mixed inflammatory cells, with no cytopathic
effect noted. Bacterial, fungal, and mycobacterial cultures, as well
as special stains for fungi and acid-fast bacilli, were negative. Her
serum cytomegalovirus (CMV) PCR was negative. Lymphocyte anal-
ysis were performed twice, at 6 weeks and 5 months post infec-
tion, and showed a CD19 B lymphocyte count of less than 1 cell/ul.
The patient’s CD4 count was 540 (normal range 564-1721) and her
CD8 count was 1670 (normal range 322-1161). Serum IgG levels
were normal during all of the patient’s admissions. Five months
into the third admission, repeat SARS-CoV-2 serology on day 165
was still negative (ELISA and MNT). Convalescent plasma (200 ml,
SARS-CoV-2 neutralization titer 1:160) was administered as a ther-
apeutic option, after which her COVID-19-related pneumonia re-
solved, and she was discharged home. The patient was then eval-
uated in the infectious disease outpatient clinic on day 188. She
had no fever or respiratory symptoms, and SARS-CoV-2 PCR on a
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nasopharyngeal swab was negative. The SARS-CoV-2 serology re-
mained negative on day 213. SARS-CoV-2 T cell immune responses
were not available in the institution and it was not possible to out-
source to an international laboratory in view of travel restrictions
during the COVID-19 pandemic.

2.4. mRNA COVID-19 vaccination and post vaccine serology

The patient received one dose of mRNA COVID-19 vaccine 6
months following her third admission. Six weeks following her
vaccination, SARS-CoV-2 neutralization testing was still negative.

2.5. Laboratory methods and findings

See Supplementary Material Appendix 1.

3. Discussion

Immunocompromised patients can present with prolonged
SARS-CoV-2 shedding and re-infection with different SARS-CoV-
2 clades, posing several clinical management challenges. Genomic
analyses of the patient samples from day 31 and day 168 clearly
showed a different set of mutations (Figure 1B).

The case patient had severe B cell depletion and did not mount
antibody responses to SARS-CoV-2. She had a protracted course of
COVID-19 pneumonia with prolonged viral shedding, and had posi-
tive SARS-CoV-2 viral cultures from nasopharyngeal swab (31 days)
and BAL (168 days) post diagnosis. Two recent case reports involv-
ing patients with hematological malignancies and B cell immun-
odeficiency showed positive viral cultures up to 105 days in a pa-
tient with chronic lymphocytic leukemia and 119 days in a patient
with lymphoma (Baang et al., 2021, Avanzato et al., 2020). A hu-
moral antibody response is required to clear SARS-CoV-2 infection
(Tarhini et al., 2021). Both patients had negative SARS-CoV-2 an-
tibody responses. In the patient case described here, severe deple-
tion of CD19 B lymphocytes is likely to have contributed to the lack
of development of SARS-CoV-2 antibodies. The use of rituximab is
associated with B cell depletion up to 78 weeks (Roltgen et al.,
2020). Our patient received rituximab 56 weeks before the diag-
nosis of COVID-19 pneumonia. Although she was receiving routine
monthly IVIG therapy, convalescent plasma was studied as a ther-
apeutic option, and her COVID-19 pneumonia appeared to improve
only after receiving convalescent plasma. As with other patients
with B cell depletion, this was also associated with a reduction of
SARS-CoV-2 RNAemia within 7 to 14 days from the time of ad-
ministration (Hueso et al., 2020). Whether early administration of
convalescent plasma to patients with B cell depletion is useful to
reduce viral shedding and reduce the isolation period of these pa-
tients needs further evaluation.

The impact of rituximab and B cell-depleting agents on
the management outcomes of COVID-19 remains to be defined
(Hueso et al., 2020). Patients receiving rituximab may not mount
a protective SARS-CoV-2 antibody response to COVID-19 vaccine
and would need immunological assessment before vaccination
(Baker et al., 2020). Our initial assumption was that this patient
had prolonged viral shedding due to B cell depletion. However,
whole genome sequencing (WGS) confirmed re-infection. Whilst it
is difficult to determine the timing of the second infection with
the new clade of SARS-CoV-2, it is likely that it occurred on day
114 when the patient presented to the ER with new onset fever
after she had received 2 months of steroids for presumed crypto-
genic organizing pneumonia.

Immunosuppressed patients are known to have prolonged pe-
riods of SARS-CoV-2 viral shedding. A study of three immuno-
compromised patients evaluated the spectrum of SARS-CoV-2 viral
shedding and re-infection (Tarhini et al., 2021). The first patient
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Figure 1. Case summary and SARS-CoV-2 clades. (A) Time frame of clinical symptoms, admissions to hospital, and laboratory investigations. (B) Mutation detection and
assignment of SARS-CoV-2 clade/lineage, confirming the re-infection.
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was asymptomatic with HIV infection and had prolonged infec-
tious viral shedding until day 95. The second patient was a cardiac
transplant recipient with severe COVID-19 pneumonia who had a
positive viral culture until day 103. The third patient had rheuma-
toid arthritis treated with rituximab and had non-resolving COVID-
19 pneumonia. This patient was positive for SARS-CoV-2 viral cul-
ture on day 84 and WGS confirmed re-infection (Tarhini et al.,
2021).

In our case, re-infection was only confirmed late in the pa-
tient’s illness by WGS. The clinical course of the presented case
was protracted, with no improvement between the initial infection
and re-infection, which compounds the difficulties of identifying
re-infection with different SARS-CoV-2 clades. The identification of
re-infection in this case was achieved by WGS and the utilization
of three approaches to analyze the data in order to confirm the
case as a re-infection. A real concern of this case is that she is a
potential infection reservoir and an optimal milieu for the devel-
opment of SARS-CoV-2 variants with her prolonged infectious viral
shedding and acquisition of a new infection (Kemp et al., 2021).
Determining the duration of isolation and extent of contact-tracing
for this patient was a real challenge, as she had a positive SARS-
CoV-2 viral culture on day 168 post infection (CDC 2021). It is not
known whether patients with re-infection are more infectious dur-
ing the second episode than the first episode of infection. In addi-
tion, the management outcome of re-infections is not clear. In our
patient, the course of infection was non severe in both episodes
of infection. Another challenge would be her presumed suboptimal
immune response to vaccination and whether specific vaccines can
induce a protective immune response compared to natural infec-
tion (Wheatley et al., 2021). This case showed that the patient’s
initial natural infection, subsequent re-infection, and one dose of
mRNA vaccine did not induce SARS-CoV-2 antibody responses in
view of her significant B cell dysfunction, which renders her sus-
ceptible to future COVID-19 disease. Unfortunately, SARS-CoV-2 T
cell immune responses were not performed and it is not known
whether she developed SARS-CoV-2 T cell responses after mRNA
vaccination, which could be protective from future infections de-
spite her negative SARS-CoV-2 antibody responses. The evaluation
of the early use of convalescent plasma or combination monoclonal
antibodies in these patients to inhibit viral replication and prevent
prolonged infectious viral shedding is warranted (Gottlieb et al.,
2021).

This case highlights several challenging management issues
concerning reducing the risk of SARS-CoV-2 infection and re-
infection in patients with hematological malignancies and other
immunocompromised patients that need to be addressed. It also
brings forth issues regarding susceptibility to re-infection, disease
severity, increased mortality, response to therapy, protective im-
mune responses post COVID-19 recovery, prolonged viral shedding,
infection control, and response to COVID-19 vaccines and duration
of protection. COVID-19 patients with malignancies or transplants
who are on immunosuppressive treatments should undergo proac-
tive long-term follow-up and surveillance to avoid relapse or detect
it early, and decrease the re-infection risk.

Re-infection with different clades of SARS-CoV-2 does occur in
immunocompromised patients and proactive screening for differ-
ent clades of SARS-CoV-2 is required. Since WGS is not yet per-
formed routinely at most points of COVID-19 care, it is likely
that the numbers of cases of re-infection with different clades
of SARS-CoV-2 is being underestimated. More systematic stud-
ies with WGS of all possible cases of SARS-CoV-2 re-infection, in
both immunosuppressed and immunocompetent individuals, are
required.
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