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Mild clinical course of SARS-coronavirus-2 infection early
posttransplant in patients with adoptively transferred antibody
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To the Editor:
Coronavirus disease 2019 (Covid-19), caused by severe acute

respiratory syndrome-coronavirus-2 (SARS-CoV-2), is associated
with high morbidity and mortality in HCT recipients. The disease
severity and mortality are particularly high in the first several
months after HCT [1–4]. This is likely due to profound T and B
lymphopenia, which is associated with poor antibody responses in
the first several months after transplantation [5].
The studies showing the high morbidity and mortality of

Covid-19 early posttransplant have generally reported on
patients who underwent HCT before most donors became
immune due to vaccination or infection. Antibody responses to
tetanus toxoid or Haemophilus influenzae vaccines after HCT are
known to be improved by immunizing the patient and/or the
donor before HCT [5–7]. If this applies to SARS-CoV-2, the
morbidity and mortality of SARS-CoV-2 infection contracted
early posttransplant in patients who or whose donors were
immunized by vaccination or infection pretransplant may not be
as high as early in the pandemic.
Here we report on two patients who developed SARS-CoV-2

infection in the first 3 weeks after HCT, during a Covid-19 outbreak
on our hematology/oncology/HCT ward. Both received HCT from
donors immunized by vaccination or infection. Despite severe T
and B lymphopenia, the patients’ clinical course was mild, and
they cleared the virus while specific antibodies rose.
Patient 1 was a 66-year-old male with a history of myocardial

infarction. His donor received one dose of ChAdOx1 nCoV-19/
AZD1222 vaccine (Astra-Zeneca) 7 weeks pretransplant. Consistent
with that, the donor at 3 weeks pretransplant had detectable IgG for
the spike protein receptor binding domain (RBD, coded for by the
vaccine nucleic acid) and not for nucleocapsid protein (Table 1). The
patient had no history of SARS-Cov-2 vaccination or infection and no
evidence of immunity (Table 1). On day 17 he developed cough and
fever. Chest x-ray and computer tomogram showed a mild left lower
lobe opacification. Nasopharyngeal swab (NPS) was positive for SARS-
CoV-2. He became asymptomatic by day 22, when chest X-ray
showed near resolution of the left lower lobe opacification
(Supplementary Fig. 1). Serial NPSs were negative from day 61
onward.
Patient 2 was a 59-year-old male with type 2 diabetes mellitus,

chronic heart failure, and history of myocardial infarction. His
donor was immune to SARS-CoV-2 (Table 1), presumably due to a
mild or asymptomatic infection. The patient had no history of
SARS-CoV-2 vaccination or infection and no evidence of immunity

(Table 1). On day 5, a surveillance NPS was positive for SARS-CoV-2.
The only potential Covid-19 symptoms were diarrhea, which
resolved within several days, and sore throat until day 19. No
pneumonia developed clinically or per serial chest X rays. Serial
NPSs were negative from day 39 onward. Patient 2 died suddenly
on day 52 due to myocardial infarction in the setting of grade 4
acute GVHD. On autopsy, there was no evidence of viral infection
of the lungs or another organ.
Detailed case reports and other methodological information are

provided in Supplementary Methods.
Lymphocyte subset counts are shown in Supplementary Fig. 2.

Both patients had profound T and B lymphopenia in the first
2 months posttransplant, except for B-cell counts in Patient 1
normalizing by day 56.
Antibody levels are shown in Table 1. In Patient 1, RBD IgG was

first detected on day 14 (3 days before onset of symptoms) and
rose thereafter to high levels. The high level on day 27 could be
due in part to bamlanivimab (monoclonal RBD IgG) given on day
18. However, the fact that the RBD IgG was detected already on
day 14 and rose from day 27 to day 56 is consistent with in vivo
production of RBD IgG. This was due to the transferred vaccine-
induced humoral immunity as no IgM and no nucleocapsid IgG
were detected. In Patient 2, SARS-Cov-2 antibodies were
undetectable on day 14. Thereafter IgM and IgG for both
nucleocapsid and RBD were detected, and the IgG rose to high
levels. This was probably due to adoptively transferred humoral
response from the donor immunized by a SARS-Cov-2 infection, as
primary immune response is not expected to occur in the first
2 months after HCT [5], particularly in patients as lymphopenic and
pharmacologically immunosuppressed as Patient 2.
We hypothesize that in both patients the mild clinical course

and the virus clearance resulted from the adoptive transfer of
humoral immunity. However, there are limitations: 1. We cannot
rule out that the mild course and the clearance were due to the
cells of innate immunity like respiratory epithelial cells or NK
cells. Quantitative NK cell reconstitution was fast in both
patients. We have not measured the function of NK cells or
respiratory epithelial cells (e.g., production of antiviral cytokines
such as interferon alpha/beta/lambda by the respiratory cells).
Nevertheless, it is generally believed that adaptive immunity is
needed for the viral clearance [8]. 2. Both patients were treated
with remdesivir and Patient 1 also with bamlanivimab, so we
cannot rule out that the mild course and the viral clearance were
due to these medications. However, the efficacy of these
medications is only modest, if any [9]. 3. We measured total
CD4 and CD8 T cells and B cells but not those specific for SARS-
CoV-2, which would provide a more complete information on
the antiviral adaptive immunity. However, given the extremely
low numbers of total T and B cells at most time points, it would
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be technically challenging to detect SARS-CoV-2-specific CD4
and CD8 T or B cells by flow cytometry or elispot. Apheresis
instead of a simple blood draw would be needed to collect a
sufficient number of T and B cells for analysis, which would be
ethically questionable. Even if we detected SARS-CoV-2-specific
T cells, interpretation would be difficult as these cells were
detected in ~50% individuals unexposed to SARS-CoV-2 [10, 11],
and SARS-Cov-2-specific CD8 T cells were not detected in 30%
immunocompetent persons who had recovered from Covid-19
[11]. 4. We did not measure neutralizing antibodies. Never-
theless, the IgG measured by the Abbott assay we used
correlates well with neutralizing IgG [12]. 5. We have not studied
control patients, i.e., infected early posttransplant and whose
donors had not been immunized (by vaccination or infection).
Thus, we cannot rule out that Covid-19 would have a mild course
even in these patients. The literature is remarkably silent about
patients infected with SARS-CoV-2 in the first month posttrans-
plant, possibly because infection prevention precautions insti-
tuted on HCT wards are usually effective. We found reports with
patient-level information on four patients from the pre-vaccine
era, when most donors were presumably nonimmune, who
developed Covid-19 in the first 4 weeks after HCT (Supplemen-
tary Table 1). One had a mild course and three had pneumonia
requiring ventilatory support. Importantly, reports on large
numbers of HCT recipients infected with SARS-CoV-2 in the
pre-vaccine era, that did not give patient-level information,
identified the following risk factors for severe pneumonia or
death: short time from HCT, older age, comorbidities, neutrope-
nia, and immunosuppressive therapy [1–4]. Our two patients had
all these risk factors. Thus, they would be expected to have a
severe clinical course in the pre-vaccine era.
In summary, barring the above limitations, humoral immunity

can be transferred from immune donors and may protect
recipients infected early posttransplant from severe Covid-19.

Jan Storek 1✉, Jamil N. Kanji1,2,3, May Choi1,2, Amit Kalra2,
Ahsan Chaudhry1, Kareem Jamani 1,

Poonam Dharmani-Khan2 and Faisal M. Khan2
1Department of Medicine, University of Calgary, Calgary, AB, Canada.

2Department of Pathology and Laboratory Medicine, University of
Calgary, Calgary, AB, Canada. 3Public Health Laboratory, Alberta

Precision Laboratories, Calgary, AB, Canada.
✉email: jstorek@ucalgary.ca

REFERENCES
1. Varma A, Kosuri S, Ustun C, Ibrahim U, Moreira J, Bishop MR, et al. COVID-19

infection in hematopoietic cell transplantation: age, time from transplant and
steroids matter. Leukemia. 2020;34:2809–12.

2. Xhaard A, Xhaard C, D’Aveni M, Salvator H, Chabi ML, Berceanu A, et al. Risk
factors for a severe form of COVID-19 after allogeneic haematopoietic stem cell
transplantation: a Societe Francophone de Greffe de Moelle et de Therapie cel-
lulaire (SFGM-TC) multicentre cohort study. Br J Haematol. 2021;192:e121–4.

3. Shah GL, DeWolf S, Lee YJ, Tamari R, Dahi PB, Lavery JA, et al. Favorable outcomes
of COVID-19 in recipients of hematopoietic cell transplantation. J Clin Investig.
2020;130:6656–67.

4. Sharma A, Bhatt NS, St Martin A, Abid MB, Bloomquist J, Chemaly RF, et al. Clinical
characteristics and outcomes of COVID-19 in haematopoietic stem-cell transplan-
tation recipients: an observational cohort study. Lancet Haematol. 2021;8:e185–93.

5. Storek J, Witherspoon RP. Immunological reconstitution after hemopoietic stem
cell transplantation. In: Atkinson KCR, Ritz J, Fibbe WE, Ljungman P, Brenner MK,
editors. Clinical bone marrow and blood stem cell transplantation. Cambridge:
Cambridge University Press; 2004:194–226.

6. Molrine DC, Antin JH, Guinan EC, Soiffer RJ, MacDonald K, Malley R, et al. Donor
immunization with pneumococcal conjugate vaccine and early protective anti-
body responses following allogeneic hematopoietic cell transplantation. Blood.
2003;101:831–6.

7. Storek J, Dawson MA, Lim LC, Burman BE, Stevens-Ayers T, Viganeto F, et al.
Efficacy of donor vaccination before hematopoietic cell transplantation and
recipient vaccination both before and early after transplantation. Bone Marrow
Transplant. 2004;33:337–46.

Table 1. SARS-Cov-2-specific serum antibody levels.

Donor
preHCTd

Patient
preHCTe

Patient day
+14

Patient day +27
or +28

Patient day +51
or +56

Convalescent non-HCT
persons

Patient 1 (infection first documented on day +17)

Nucleocapsid IgMa Neg Neg Neg Neg Neg N/A

Spike RBD IgMa Neg Neg Neg Neg Neg N/A

Nucleocapsid IgGb <1.4 <1.4 <1.4 <1.4 <1.4 <1.4–8.0

Spike RBD IgGc 189 <40 87 25,376 >80,000 <40–1250 or 22,535

Patient 2 (infection first documented on day +5)

Nucleocapsid IgMa Neg Neg Neg Pos Pos N/A

Spike RBD IgMa Neg Neg Neg Neg Pos N/A

Nucleocapsid IgGb <1.4f <1.4 <1.4 1.6 6.5 <1.4–8.0

Spike RBD IgGc 405f <40 <40 4 111 >80,000 <40–1250 or 22,535

HCT hematopoietic cell transplantation, RBD receptor binding domain, Neg negative, Pos positive, N/A not applicable.
aNegative IgM was defined as mean fluorescent intensity <250.
bNegative nucleocapsid IgG was defined as index value <1.4. The index values in convalescent non-HCT persons are from Bryan et al. Performance
characteristics of the Abbott Architect SARS-CoV-2 IgG assay and seroprevalence in Boise, Idaho. J Clin Microbiol. 2020;58:e00941.
cNegative spike RBD IgG was defined as <40 arbitrary units (AU)/ml. The range of levels in convalescent non-HCT persons is from Eyre et al. Quantitative SARS-
CoV-2 anti-spike responses to Pfizer-BioNTech and Oxford–Astra-Zeneca vaccines by previous infection status. Clin Microbiol Infect. 10.1016/j.cmi.2021.05.041.
In press. (undetectable to 1250 AU/ml) and from Resman-Rus et al. Performance of the rapid high-throughput automated electrochemiluminescence
immunoassay targeting total antibodies to the SARS-CoV-2 spike protein receptor binding domain in comparison to the neutralization assay. J Clin Virol.
2021:139:104820 (undetectable to 22,535 AU/ml). As in the Resman-Rus et al. study the results were expressed in World Health Organization binding antibody
units (BAU)/ml, these were converted to AU/ml as AU/ml= BAU/ml/0.142, i.e., a formula recommended by the assay manufacturer (Abbott).
dDay −22 for the donor of Patient 1. Day 0 for the donor of Patient 2.
eDay −8 (pre-conditioning) in both Patient 1 and 2.
fThe positive spike RBD IgG and negative nucleocapsid IgG in the unvaccinated donor is consistent with a known decline of nucleoprotein IgG but long-term
persistence of RBD IgG after recovery from SARS-CoV-2 infection (Fenwick et al. Changes in SARS-CoV-2 spike versus nucleoprotein antibody responses impact
the estimates of infections in population-based seroprevalence studies. J Virol. 2021;95:e01828, and Grandjean et al. Long-term persistence of spike antibody
and predictive modeling of antibody dynamics following infection with SARS-CoV-2. Clin Infect Dis. 10.1093/cid/ciab607. In press).
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