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SUMMARY
Solid organ transplant recipients might be at greater risk for acquisition and
mortality because of SARS-CoV-2. There are no data regarding SARS-CoV-2
seroprevalence among liver transplant (LT) recipients, and whether it is different from that of the general population or other immunosuppressed
groups. We evaluated the prevalence of IgG SARS-CoV-2 antibodies among
LT recipients to estimate the frequency of asymptomatic SARS-CoV-2 infection using serological assays in our outpatient clinic. We conducted a crosssectional analysis from 10 May to 26 October 2020 of all adult (>18 years)
LT recipients that underwent a routine laboratory test for the outpatient
clinic follow-up at the Hospital Universitari Vall d’Hebron (Barcelona) in
which we included serological testing for SARS-CoV-2. Nine out of 294 LT
recipients (3.1%) tested positive for anti-SARS-CoV-2 IgG antibodies. Five
of them (55.5%) had suffered clinically symptomatic SARS-CoV-2 infection
confirmed by RT-PCR, four (44.4%) had presented compatible symptoms
but without microbiological confirmation and only one patient (1/9, 11.1%)
tested positive without any previous symptom. SARS-CoV-2 seroprevalence
among LT recipients in an area highly affected by the pandemic is lower than
in the general population in the same area. These results render the possibility of asymptomatic infection in LT recipients very unlikely.
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Introduction
Coronavirus disease 2019 (COVID-19) is a new emerging infectious disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). The main risk
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factors associated with worse outcomes include age and
comorbidities such as hypertension, diabetes mellitus or
chronic lung disease among others [1]. Because of the
impairment in cell-mediated and humoral immunity
caused by immunosuppressive agents, solid organ
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transplant (SOT) recipients might be also at greater risk
for disease and mortality because of SARS-CoV-2 infection [2–5]. Otherwise, the impaired activation of naive
B cells and B-cell antigen presentation as well as T-cell
stimulus to T-cell dependent responses may prevent the
development of antibodies against SARS-CoV-2 [6].
The impact of the current pandemic on SOT is being
extraordinary, with early data showing a significant
reduction in total waitlist additions and transplant surgeries across all transplant domains, with an increase in
waitlist mortality for kidney, liver and lung transplant
candidates [7].
Seroprevalence of SARS-CoV-2 antibodies in a certain population serves as a sensible measure of exposure
risk. There are few data regarding SARS-CoV-2 seroprevalence among liver transplant (LT) recipients [8],
and whether it is different from that of the general population or other immunosuppressed groups.
The aim of the present study was to systematically
determine the presence of SARS-CoV-2 antibodies
among LT recipients to evaluate the prevalence of
asymptomatic SARS-CoV-2 infection using serological
assays in our outpatient clinic.

Methods
Study population
Since 1988, our adult liver transplantation program has
performed 1300 LT, and currently, we follow-up
approximately 700 patients. We performed a crosssectional analysis from 10 May to 26 October 2020 of
all adult (>18 years of age) LT recipients that underwent a routine laboratory test for the outpatient clinic
follow-up at the Hospital Universitari Vall d’Hebron
(Barcelona) in which we added serological testing for
SARS-CoV-2. There were no exclusion criteria.
During lockdown all outpatient visits were converted
into telematic visits. Also, laboratory tests and other
evaluations (image, endoscopy, etc.) were cancelled and
rescheduled months later. Patients were instructed to
follow lockdown restrictions and to stay at home as
much as possible.
Data were prospectively collected in a database created
for the study. All clinical information was extracted by
experienced transplant physicians from reliable electronic
medical data sources. Demographic data, comorbidities
and transplant-related information including baseline
immunosuppressant therapy were recorded. During the
scheduled routine visit, all patients were asked about present or past symptoms compatible with COVID-19.
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This study was approved by the Vall d’Hebron Institutional Review Board and conducted according to the
2000 Declaration of Helsinki as well the Declaration of
Istambul 2008. All patients gave their informed consent
prior to their inclusion in the study.

Serological testing for SARS-CoV-2 antibodies
During the study period, serological status could be
determined by two commercial chemiluminescence
immunoassays (CLIA) targeting specific SARS-CoV-2
antibodies: (i) Elecsys Anti-SARS-CoV-2 (Roche Diagnostics, Mannheim, Germany) was performed on the
Cobas 8800 system (Roche Diagnostics) for qualitative
determination of total antibodies (including IgG, IgM
and IgA) against nucleocapsid (N) SARS-CoV-2 proteins
(the manufacturer reported sensitivity of 100% in
patients with more than 14 days after infection, and
specificity of 99.81%), and, (ii) Liaison SARS-CoV-2 S1/
S2 IgG (DiaSorin, Saluggia (VC), Italy) was performed on
the LIAISON XL Analyzer (DiaSorin) for quantitative
determination of the spike (S) glycoprotein subunits 1
and 2 (S1/S2) (the manufacturer reported sensitivity of
97.4% in patients with more than 15 days after infection,
and specificity of 98.5%). According to the protocol of
our Hospital, firstly, patients were screened with the
determination of total antibodies against nucleocapsid. If
the result was positive, or there was clinical or epidemiological suspicious, or the patient had a previous positive
respiratory sample by real-time reverse transcription
polymerase chain reaction (RT-PCR), the determination
of IgG antibodies against spike was also performed.

Definitions
Confirmed-SARS-CoV-2 infection was diagnosed by
RT-PCR assay of nasopharyngeal swab specimens following suggestive symptoms of acute presentation such
as fever, cough, rhinorrhoea, sore throat, headache, dyspnoea, diarrhoea, anosmia or ageusia.
Suspected-SARS-CoV-2 infection was defined by the
presence of symptoms described above, but without
RT-PCR confirmation.
A patient was considered to have a positive serology
against SARS-CoV-2 if either SARS-CoV-2 IgG anti-S1/
S2 or SARS-CoV-2 Ig anti-N waspositive.

Statistical analysis
Descriptive statistics were expressed as medians and
interquartile ranges (IQRs) for continuous variables and
1909
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Table 1. Main characteristics of the cohort by SARS-CoV-2 antibody status.
Variable
Age at LT (years)
Age at serology testing (years)
Time from LT to SARS-CoV-2 serology (years)
Sex
Male
Aetiology of liver disease
Alcohol
HCV
HBV
NASH
Other
HCC as indication of LT
Blood type
A
B
O
AB
Arterial hypertension
Diabetes
Chronic renal failure (GFR <60 ml/min/1.73 m2)
HIV infection
Simultaneous liver-kidney transplant
Cardiac disease
Immunosuppressant therapy
Tacrolimus
Cyclosporine
Mofetil Mycofenolate
Everolimus

Total
(N = 294)

SARS-CoV-2 (+)
(N = 9; 3.1%)

SARS-CoV-2 ( )
(N = 285; 96.9%)

P-value

54 (46–61)
63 (56–70)
9.6 (3.2–16.0)

53 (48–55)
66 (65–69)
13.7 (3.2–14.1)

54 (46–61)
63 (56–70)
9.5 (3.2–16.0)

0.83
0.38
0.75

211 (71.8%)

6 (66.7%)

205 (71.9%)

0.72

75
105
31
10
73
98

(25.5%)
(35.7%)
(10.6%)
(3.4%)
(24.8%)
(33.3%)

2
2
2
0
3
1

(22.2%)
(22.2%)
(22.2%)
(0%)
(33.4%)
(11.1%)

73
103
29
10
70
97

(25.6%)
(36.1%)
(10.2%)
(3.5%)
(24.6%)
(34.0%)

0.62

140
25
117
10
157
113
65
10
10
33

(48.0%)
(8.6%)
(40.0%)
(3.4%)
(53.4%)
(38.4%)
(22.1%)
(3.4%)
(3.4%)
(11.2%)

4
1
2
2
5
6
3
0
0
1

(44.5%)
(11.1)
(22.2%)
(22.2%)
(55.6%)
(66.7%)
(33.3%)
(0%)

136
24
115
8
152
107
62
10

(48.1%)
(8.5%)
(40.6%)
(2.8%)
(53.3%)
(37.5%)
(21.7%)
(3.5%)

268
14
106
51

(91.2%)
(4.8%)
(36.1%)
(17.4%)

7
1
3
3

(77.8%)
(11.1%)
(33.3%)
(33.3%)

(11.1%)

32 (11.23%)
261
13
103
48

(91.6%)
(4.6%)
(33.1%)
(16.8%)

0.28
0.05

1.00
0.09
0.42
1.00
1.00
1.00
0.18
0.36
1.00
0.19

GFR, glomerular filtration rate; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV; human
immunodeficiency virus; IQR, IQR, interquartile range; LT, liver transplantation; NASH, nonalcoholic steatohepatitis; SARS-CoV2, severe acute respiratory syndrome coronavirus 2.
Data are presented as median (IQR) or n (%).

absolute numbers (percentages) for categorical variables.
Comparisons among LT recipients with a positive or
negative serology were performed using Wilcoxon ranksum for continuous variables and the chi-square test or
Fisher exact test for categorical variables. Two-sided P
values of <0.05 were considered to indicate statistical
significance. STATA v13 (College Station, TX, USA) was
used for all statistical analyses.

Results
During the study period, we obtained sera samples during regular outpatient visits in 294 adult LT recipients
for serological testing. Patient demographics are presented in Table 1. Recipients were more frequently men
(71.8%), and had a median age of 54 years (IQR 46–
61) at LT and a median age at serology assessment of
1910

63 years (IQR 56–70). At assessment, median time since
LT was 9.6 years (IQR 3.2–16.0). The aetiology of liver
disease was chronic hepatitis C infection (35.7%), alcoholic cirrhosis (25.5%), chronic hepatitis B infection
(10.5%), nonalcoholic steatohepatitis (NASH; 3.4%),
and other (24.8%). Hepatocellular carcinoma (HCC)
was the indication of LT in 33.3% of cases. Regarding
immunosuppressant therapy, 91.2% of patients were on
a tacrolimus-based therapy, 36.1% and 17.4% were on
mycophenolate-mofetil (MMF) and everolimus treatment, respectively, both in combination with tacrolimus
or cyclosporine or in monotherapy.
Nine out of 294 LT recipients (3.1%) tested positive
for anti-SARS-CoV-2 Ig antibodies (all nine patients
were SARS-CoV-2 IgG anti-S1/S2 positive and eight
were SARS-CoV-2 anti-N positive). Five of them (5/9,
55.5%) had suffered clinically symptomatic SARS-CoV2
Transplant International 2021; 34: 1908–1913
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infection confirmed by RT-PCR (three were hospitalized, and none of them was admitted to the intensive
care unit), four (4/9, 44.4%) had presented compatible
symptoms but without microbiological confirmation
and only one patient (1/9, 11.1%) tested positive without any previous symptom. Median time from diagnosis
of COVID-19 to anti-SARS-CoV-2-Ig antibodies determination was 66 days (IQR 39–99).
During the study period, we had 14 RT-PCR confirmed cases of SARS-CoV-2 infection in LT recipients.
Five are still in quarantine and had not yet been tested for
serology, three died, and six recovered and are followed
at the outpatient clinic and were included in the study.
Five of the six patients who had confirmed COVID-19,
tested positive for anti-SARS-CoV-2 IgG antibodies
(83.3%) as have been described above, while in only one
case (1/6, 16.7%), the serology was negative 1 and
3 months after the acute infection. This patient presented
a mild curse of the disease. None of the patients received
convalescent plasma or intravenous immunoglobulin.
There were no differences in seroprevalence according
to age, sex, aetiology of liver disease, HCC as indication
of LT, immunosuppressant therapy, comorbidities, or
being a carrier of a simultaneous liver-kidney transplant. SARS-CoV-2 antibodies were less frequently positive among LT recipients with blood group O (two
patients, 22.2%, P = 0.05).

Discussion
The results of the present study show that the seroprevalence of SARS-CoV-2 among LT recipients is low
(3.1%) in the line of results from general population.
Seroprevalence in the Spanish population in the same
period of time was 5%, and specifically in the area of
the present study, Barcelona, seroprevalence was 6.8%,
even higher than the general average [9]. Moreover,
only one patient out of 294 (0.3%) fulfils the diagnosis
of SARS-CoV-2 asymptomatic infection. These results,
confirm that, even in Spain, one of the European countries most affected by the COVID-19 pandemic, asymptomatic infection among LT recipients is practically
nonexistent. Studies of SARS-CoV-2 seroprevalence in
other populations at risk have shown discordant results,
probably related to the specific characteristics of the different patient populations studied. While in a Spanish
study among cancer outpatients, SARS-CoV-2 prevalence was 31.4% [10], among patients on haemodialysis
in the United States and the United Kingdom (UK) it
was 8.0% and 36.2%, respectively [11,12], and 8.1% in
kidney transplant recipients in the UK [13].
Transplant International 2021; 34: 1908–1913
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These differences may be related to true geographic
differences and the different degree of assistance to
medical centres during the pandemic. In this sense, cancer patients and patients on haemodialysis are among
the groups of patients who maintained their regular
attendance to medical facilities, with the consequent risk
of nosocomial infection, along with the risk associated
with traveling [14]. On the contrary, in liver or kidney
transplant recipients, in a situation of clinical stability,
the follow-up was mainly done by telematic means during the pandemic which significantly reduced their
exposure to the virus in medical settings.
Despite the fact that LT recipients accumulate many
potential risk factors (diabetes mellitus, chronic renal failure, arterial hypertension, immunosuppressant drugs),
this low seroprevalence may be partly explained by the
early recommendation towards our LT recipients to limit
the face-to-face contacts and the high compliance with
the isolation and personal cleanliness measures (social
distancing, hand washing and use of masks).
However, a previous study carried out in the same
area has shown that LT recipients presented an incidence of COVID-19 disease double than in the general
population [3]. There might be several explanations
regarding this discrepancy. First, it could be that in the
middle of the first wave, LT recipients acutely ill, were
diagnosed in a greater proportion than in the general
population, when because of a collapsed system, many
individuals remained at home without a COVID-19
diagnosis confirmed, while immunosuppressed patients
were admitted to hospital and tested against SARSCoV-2 infection more often than other populations
without significant comorbidities. This under diagnosis
would have been less significant in the LT population.
Another explanation might be an impaired immune
response of LT recipients, limiting their capacity to generate antibodies against SARS-CoV-2 virus, or even in a
titre enough to be detected, despite a true higher incidence of SARS-CoV-2 infection. This later hypothesis
might be supported by the known inferior response to
vaccination against hepatitis B virus in LT recipients
[15–17]. Also, time since LT and type of immunosuppression might play a role in the ability to generate a
measurable immune response. In a recent study including 70 SOT recipients (10 LT recipients) infected with
SARS-CoV-2, only 51% were antibody positive, three
months after the infection. However, among the 10 LT
recipients, 8 (80%) had developed SARS-CoV-2 antibodies [18]. This study shows an important discrepancy
among the rate of seropositivity among the different
organs evaluated that deserves further evaluation. A
1911
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similar study conducted by Boyarsky et al. [19] reported
a series of 18 SOT recipients with SARS-CoV-2 PCRconfirmed, in which 78% of the patients were able to
develop and maintain SARS-CoV-2 antibodies 98 days
(IQR 55–147) after the COVID-19 infection. Despite
the relevance of the data, both are small series, including only 16 LT recipients (or liver-kidney) recipient,
whose results would have to be confirmed.
Our result is consistent with the 3.2% SARS-CoV-2
seroprevalence described in another cohort of LT recipients evaluated between May and August 2020 [8], but significantly, in an area, as it was Germany during the
evaluated period, much less affected by the pandemic,
where the estimated seroprevalence was 1.3–3.2%. Hence,
in this study the seroprevalence in LT recipients was the
same as in the general population. However, the SARSCoV-2 seroprevalence reported in the present study came
from an area as Barcelona with a SARS-CoV-2 seroprevalence twice as high as that found in our cohort (3.1% vs.
6.8%). Taking as true the seroprevalence figures, we can
only assume that patients evaluated in the present cohort,
within a much more affected area, were less exposed to
the virus, thanks to isolation and personal cleanliness
measures, which were the first premises that the LT team
tried to ensure in these patients, as well as keeping them
out of the hospital, if possible. This reinforces the paramount importance of observing social distancing, disinfection measures and masking.
Another important fact is that, in our cohort of 294
patients, we were only able to identify one asymptomatic case (0.3%), and the remaining patients had
clinical manifestations, previously confirmed or not by
RT-PCR. These results make the possibility of asymptomatic infection in LT recipients very unlikely. Probably, if a LT recipient is infected by SARS-CoV-2
develops clinical manifestations of the disease. Whether
clinical manifestations would be more severe than in
general population is still under discussion, with discordant results [2,3,19]. Besides, other studies from high
incidence areas, like London, have shown a low incidence of SARS-CoV-2 infection among LT recipients,
supporting our findings, with a seroprevalence half the
rate found in the Spanish population [20].
However, and despite the aforementioned data, we
have seroprevalence figures from SARS-CoV-2 infection
and postvaccination studies in LT and SOT recipients
that support the concept that immunological response
is lower in these patients. In a Spanish study, including
71 LT recipients and 71 controls, with RT-PCR confirmed SARS-CoV-2 infection, lower incidence and
lower levels of anti-nucleocapsid IgG antibodies at 3
1912

and 6 months after infection in the LT group have been
found [21]. Similarly, in a US cohort of 658 SOT recipients, antibody response after the two doses of mRNA
vaccines was of 54%, representing a significant reduction when compared to the robust response demonstrated among the general population [22].
The relation between ABO and Rh blood type and
COVID has been described with contradictory results.
First studies pointed to a protector effect from nontype
A group [23]. However, later studies have questioned
this premise, showing contradictory results [24,25], and
moreover, a large prospective study has not found any
association among ABO blood type, risk of infection or
its severity [26]. Our limited in size cohort, does not
provide much information, but seems that the proportion of patients with non-A blood type have a lower
proportion of SARS-CoV-2 antibodies.
Our study has some limitations. It is a single-centre
study, but carried out in an area highly affected by the
SARS-CoV-2 pandemic. It is a descriptive study and does
not have enough cases to evaluate risk factors associated
with a higher rate of infection. However, it has also some
strengths. Data were prospectively collected, including all
consecutive patient visited in the outpatient clinic, limiting the loss of information and selection bias. Likewise,
serological diagnosis in consecutively tested patients is
not affected by the rate of report of the disease.
In conclusion, SARS-CoV-2 seroprevalence among LT
recipients in an area highly affected by the pandemic is as
low as 3.1% and is reduced to 0.3% for the asymptomatic
infection. These results make the design of futures strategies to face the next phases of the pandemic, including
vaccination, highly needed and reinforce the need to
maintain public health measures and surveillance to protect the general population and LT recipients.

Authorship
IC-V: study concept and design, interpretation of data,
drafting of manuscript, critical revision of the manuscript for important intellectual content and statistical
analysis. OL: study concept and design, analysis and
interpretation of data, and critical revision of the manuscript for important intellectual content. AV: data collection, interpretation of data and critical revision of
the manuscript for important intellectual content. EMA: data collection, interpretation of data and critical
revision of the manuscript for important intellectual
content. JE, CD, ILA and AA: data collection, interpretation of data and critical revision of the manuscript for
important intellectual content. LC: study concept and
Transplant International 2021; 34: 1908–1913
ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

SARS-CoV-2 antibodies in liver transplant

design, data collection, interpretation of data, drafting
of manuscript and critical revision of the manuscript
for important intellectual content.

III. CIBERehd is supported by Instituto de Salud
Carlos III. The work was independent of all
funding.

Funding
Isabel Campos-Varela’s research activity is funded
by grant PI19/00330 from Instituto de Salud Carlos

Conflict of interest
The authors have no conflicts of interest to disclose.

REFERENCES
1. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respiratory
distress syndrome and death in
patients with coronavirus disease 2019
pneumonia in Wuhan, China. JAMA
Intern Med 2020; 180: 934.
2. Miarons M, Larrosa-Garcıa M, GarcıaGarcıa S, et al. COVID-19 in solid
organ transplantation: a matched retrospective cohort study and evaluation
of immunosuppression management.
Transplantation 2021; 105: 138.
3. Colmenero J, Rodrıguez-Peralvarez M,
Salcedo M, et al. Epidemiological pattern, incidence, and outcomes of
COVID-19 in liver transplant patients.
J Hepatol 2021; 74: 148.
4. Polak WG, Fondevila C, Karam V,
et al. Impact of COVID-19 on liver
transplantation in Europe: alert from
an early survey of European Liver and
Intestine Transplantation Association
and European Liver Transplant Registry. Transplant Int 2020; 33: 1244.
5. Webb GJ, Marjot T, Cook JA, et al.
Outcomes
following
SARS-CoV-2
infection in liver transplant recipients:
an international registry study. Lancet
Gastroenterol Hepatol 2020; 5: 1008.
6. Roberts MB, Fishman JA. Immunosuppressive agents and infectious risk in
transplantation: managing the “net
state of immunosuppression”. Clin
Infect Dis 2020. Online ahead of print.
7. Cholankeril G, Podboy A, Alshuwaykh
OS, et al. Early impact of COVID-19
on solid organ transplantation in the
United States. Transplantation 2020;
104: 2221. Online ahead of print.
8. Rauber C, Tiwari-Heckler S, Pfeiffenberger J, et al. SARS-CoV-2 seroprevalence and clinical features of COVID19 in a German liver transplant recipient cohort: a prospective serosurvey
study. Transpl Proc 2021; 53: 1112.
9. Pollan M, Perez-Gomez B, PastorBarriuso R, et al. Prevalence of SARS-

10.

11.

12.

13.

14.

15.

16.

17.

CoV-2 in Spain (ENE-COVID): a
nationwide, population-based seroepidemiological study. Lancet 2020; 396:
535.
Cabezon-Gutierrez
L,
CustodioCabello
S,
Palka-Kotlowska
M,
Oliveros-Acebes E, Garcia-Navarro MJ,
Khosravi-Shahi P. Seroprevalence of
SARS-CoV-2-specific antibodies in
cancer outpatients in Madrid (Spain):
a single center, prospective, cohort
study and a review of available data.
Cancer Treat Rev 2020; 90: 102102.
Anand S, Montez-Rath M, Han J, et al.
Prevalence of SARS-CoV-2 antibodies
in a large nationwide sample of patients
on dialysis in the USA: a cross-sectional
study. Lancet 2020; 396: 1335.
Clarke C, Prendecki M, Dhutia A,
et al. High prevalence of asymptomatic
COVID-19 infection in hemodialysis
patients detected using serologic
screening. J Am Soc Nephrol 2020; 31:
1969.
Prendecki M, Clarke C, Gleeson S,
et al. Detection of SARS-CoV-2 antibodies in kidney transplant recipients.
J Am Soc Nephrol 2020; 31: 2753.
Mazzoleni L, Ghafari C, Mestrez F,
et al. COVID-19 outbreak in a
hemodialysis center: a retrospective
monocentric case series. Can J Kidney
Health Dis 2020; 7: 2054358120944298.
Reiss G, Keeffe EB. Review article:
hepatitis vaccination in patients with
chronic liver disease. Aliment Pharmacol Ther 2004; 19: 715.
Leise MD, Talwalkar JA. Immunizations in chronic liver disease: what
should be done and what is the evidence. Curr Gastroenterol Rep 2013;
15: 300.
Bajaj JS, O’Leary JG, Wong F, Reddy
KR, Kamath PS. Bacterial infections in
end-stage liver disease: current challenges and future directions. Gut 2012;
61: 1219.

Transplant International 2021; 34: 1908–1913
ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

18. Burack D, Pereira MR, Tsapepas DS,
et al. Prevalence and predictors of
SARS-CoV-2 antibodies among solid
organ transplant recipients with confirmed infection. Am J Transplant
2021; 21: 2254.
19. Boyarsky BJ, Ou MT, Werbel WA,
et al. Early development and durability
of SARS-CoV-2 antibodies among
solid organ transplant recipients: a
pilot study. Transplantation 2021; 5:
e52.
20. Verma A, Khorsandi SE, Dolcet A,
et al. Low prevalence and disease severity of COVID-19 in post-liver transplant recipients – a single centre
experience. Liver Int 2020; 40: 1972.
21. Caballero-Marcos A, Salcedo M,
Alonso-Fernandez R, et al. Changes in
humoral immune response after SARSCoV-2 infection in liver transplant
recipients compared to immunocompetent patients. Am J Transplant
2021.
22. Boyarsky BJ, Werbel WA, Avery RK,
et al. Antibody response to 2-dose
SARS-CoV-2 mRNA vaccine series in
solid organ transplant recipients. JAMA
2021; 325: 2204.
23. Severe Covid GG, Ellinghaus D,
Degenhardt F, et al. Genomewide association study of severe Covid-19 with
respiratory failure. N Engl J Med 2020;
383: 1522.
24. Zietz M, Zucker J, Tatonetti NP. Associations between blood type and
COVID-19 infection, intubation, and
death. Nat Commun 2020; 11: 5761.
25. Latz CA, DeCarlo C, Boitano L, et al.
Blood type and outcomes in patients
with COVID-19. Ann Hematol 2020;
99: 2113.
26. Anderson JL, May HT, Knight S, et al.
Association of sociodemographic factors and blood group type with risk of
COVID-19 in a US population. JAMA
Netw Open 2021; 4: e217429.

1913

