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Abstract
The outcome of transplant recipients is variable depending on the study population, vaccination status and COVID-19 vari-
ants. Our aim was to study the impact of Omicron subvariants on the mortality of transplant recipients. We reviewed the 
results of SARS-CoV-2 whole genome sequence of random isolates collected from 29 December 2021 until 17 May 2022 
in King Faisal Specialist Hospital and Research center, Jeddah (KFSHRC-J), Saudi Arabia performed as hospital genomic 
surveillance program for COVID-19 variants. We included 25 transplant patients infected with confirmed Omicron vari-
ants.17 (68%) and 8 (32%) patients had Omicron BA.1 and BA.2, respectively. 12 (68%) patients had renal transplants. Only 
36% of patients received three doses of COVID-19 vaccines. 23 (92%) patients required hospitalization. 20 (80%) patients 
survived and 6 (25%) required intensive care unit (ICU) admission. Among ICU patients, 66.7% were more than 50 years, 
50% had two to three comorbidities and 5 out of 6 (83%) died. The mortality of transplant patients infected with Omicron 
variants in our cohort was higher than other centers as a limited number of patients received booster vaccines. Optimizing 
booster vaccination is the most efficient method to improve the mortality of COVID-19 in transplant recipients recognizing 
the inefficacy of monoclonal antibodies in the presence of SARS-CoV-2 emerging variants. We did not show a difference in 
mortality in transplant patients infected with Omicron BA.1 and BA.2 knowing the limitation of our sample size.
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Abbreviations
ESRD  End stage renal disease
Evusheld  Tixagevimab–cilgavimab
ICU  Intensive care unit
KAUST  King Abdullah University of Science and 

Technology
KFSHRC-R  King Faisal Specialist Hospital and 

Research Center, Riyadh
KFSHRC-J  King Faisal Specialist Hospital and 

Research Center, Jeddah
PCR  Polymerase chain reaction
SD  Standard deviation
USA  United States of America

1 Introduction

The outcome of transplant patients infected with SARS-
CoV-2 is variable in different studies; while some studies 
showed that their mortality is higher than the general popu-
lation, others demonstrated that the outcome of COVID-19 
in transplant patients depends on the age and the associated 
comorbidities [1]. Although the COVID-19 vaccine immune 
responses were suboptimal in preventing breakthrough infec-
tions in transplant recipients during the Delta and Omicron 
surge, they were effective in reducing their mortalities in a 
large multicenter study in USA [2]. A recent national Dan-
ish study showed a lower mortality rate among solid organ 
transplant recipients compared to the general population dur-
ing the omicron surge versus the pre-omicron period [3]. We 
described the outcome of a cohort of transplant recipients 
infected with Omicron variants in a tertiary care center in 
Jeddah, Saudi Arabia and we observed the impact of Omi-
cron subvariants on mortality.

2  Methods

2.1  Study Population

Since the emergence of SARS-CoV-2 variants, samples of 
confirmed COVID-19 cases were stored in the virology labo-
ratory, in KFSHRC-J. These samples were included in the 
hospital genomic surveillance program for COVID-19 vari-
ants. They were transported to King Abdullah University of 
Science and Technology (KAUST), Thuwal, and King Faisal 
Specialist Hospital and Research Center, Riyadh (KFSHRC-
R), in Saudi Arabia, every three to six months for whole 
genome sequence analysis We reviewed the results of SARS-
CoV-2 whole genome sequence analysis of isolates collected 
from 29 December 2021 until 17 May 2022 in KFSHRC-J. 
During this time period, Omicron was the predominant cir-
culating SARS-CoV-2 variant. We included solid organ and 

hematopoietic transplant patients with confirmed Omicron 
variants BA1 and BA2 that were home isolated and hospi-
talized. We excluded non-transplant recipients and patients 
with non-Omicron variants. We also excluded pediatric 
patients (less than 14 years according to the hospital defini-
tion) and patients with unidentified variants.

2.2  Data Collection

Electronic medical records were retrospectively reviewed for 
age, gender, comorbidities, disease severity, ICU admission, 
home isolation versus hospitalization, COVID-19-specific 
therapy, immunosuppressive medications, vaccination sta-
tus (type and number of vaccine), time between last vac-
cine dose and date of confirmed COVID-19 diagnosis and 
outcome.

2.3  The Whole Genome Sequence Analysis

The whole genome sequence analysis was performed in 
KAUST and KFSHRC-R in Saudi Arabia as previously 
described [4, 5].

2.4  The Whole Genome Sequence Analysis 
in KFSHRC‑R

The samples were subjected to nucleic acid extraction using 
a  MagMAX™ Viral/Pathogen Nucleic Acid Isolation Kit 
(Cat No. A42352, Thermo Fisher Scientific; MA, USA). All 
positive samples for SARS-CoV-2 were converted to cDNA 
using  SuperScript™ IV  VILO™ Master Mix (ThermoFisher 
Scientific, USA). The cDNAs were amplified using the Ion 
 AmpliSeq™ SARS-CoV-2 Insight Research Assay as indi-
cated by the manufacturer’s instructions. Amplified prod-
ucts were ligated with unique barcode adaptors using the Ion 
Xpress Barcode Adaptors 1–16 kit (ThermoFisher Scientific, 
USA) and purified with 1.5 × volume of Agencourt AMPure 
XP Reagent (Beckman Coulter, USA). Library was built and 
normalized to 33 pM using nuclease-free water, and up to 16 
libraries were equally pooled for further processing. Pooled 
libraries were used as a template input for emulsion PCR 
and enrichment of template-positive particles using the Ion 
Chef automated system with the Ion 510 Kit-Chef kit (Ther-
moFisher Scientific, USA) according to the manufacturer’s 
instructions. The obtained data were primarily processed 
(base calling, base quality recalibration, alignment, assem-
bly, and variant calling) with Torrent Suite Server, version 
5.12 (ThermoFisher Scientific, USA). De novo assembly 
of the contigs was performed using the assembly Trinity 
plugin (v1.2.1), and consensus sequences of each sample 
were generated using the IRMA plugin (v1.2.1). Variant 
call files were analyzed on the COVID19AnnotateSnpEff 
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plugin to identify and annotate variants with public and pri-
vate databases.

2.5  The Whole Genome Sequence Analysis in KAUST

200 μl of patient’s nasopharyngeal swap stored in viral 
transport medium (VTM) was used for total RNA extraction 
using the RNAdvance viral RNA extraction kit from Beck-
man Coulter (https:// www. beckm an. com/ reage nts/ genom ic/ 
rna- isola tion/ viral) according to the manufacturer instruc-
tions and specifications and with one modification of eluting 
the purified RNA in 100ul. To determine Cq values and to 
confirm the positive samples, we performed quantitative RT-
PCR. We used the 4 ×  TaqPath™ 1-Step RT-qPCR Master 
Mix, CG (ThermoFisher, Cat number A15299), according to 
manufacturer specifications using 2.5 µl of RNA as an input 
template. Primers and probes were obtained from IDT (IDT, 
Cat number 10006606) targeting the N1 and N2 regions of 
the nucleocapsid phosphoprotein of SARS-CoV-2. NP tar-
gets the RNase P gene for detection of human nucleic acids 
and to act as control for sample quality and integrity. Sam-
ples were prepared for sequencing following the SARS-Cov2 
genome sequencing protocol midnight using Oxford Nanop-
ore Rapid barcoding kit (https:// www. proto cols. io/ view/ sars- 
cov2- genome- seque ncing- proto col- 1200bp- amplic- rm7vz 
8q64v x1/ v6) with one modification of using artic primer 
set V3 and V4.1 (https:// github. com/ joshq uick/ artic- ncov2 
019/ tree/ master/ primer_ schem es/ nCoV- 2019/ V3) to gen-
erate 400 bp amplicon instead of using midnight 1200 bp 
amplicon.

Oxford Nanopore Rapid Barcoding kit (https:// store. 
nanop orete ch. com/ produ ctDet ail/? id= rapid- barco ding- kit-
1) were used for barcoding samples for multiplexing and the 
barcoded samples were then loaded and sequenced on Min-
ION MK1C platform. Generated data were analyzed using 
the wf-artic pipeline from Epi2me-labs (https:// github. com/ 
epi2me- labs/ wf- artic) and the SARS-CoV-2 variants were 
called.

2.6  COVID‑19 Guidelines in KFSHRC‑J

Patients with confirmed COVID-19 and admitted to 
KFSHRC-J were treated according to the hospital COVID-
19 guidelines. These guidelines were developed according 
to the international COVID-19 treatment guidelines based 
on the review of clinical pharmacists and infectious diseases 
consultants. In brief, immunocompromised patients with 
COVID-19 upper respiratory tract infection, were hospital-
ized to receive 3 doses of daily remdesivir. Patients with 
COVID-19 pneumonia requiring oxygen supplementation 
were treated with 5 doses of daily remdesivir and 10 doses 
of daily dexamethasone. Tocilizumab is administered for 

COVID-19 patients requiring high flow oxygen and those 
on mechanical ventilation.

2.7  Statistical Analysis

Demographic and clinical characteristics of the patients 
were compared by death status. Fisher exact test was used 
to examine significant differences in categorical variables, 
while Mann–Whitney was used to examine significant differ-
ences in continuous variables. SPSS (Version 25.0. Armonk, 
NY: IBM Corp) was used for all statistical analyses.

3  Results

Whole genome sequence was performed on 268 random 
isolates of SARS-CoV-2. 25 transplant patients with con-
firmed omicron variant of COVID-19 were included in the 
current analysis. 17 (68%) patients had Omicron BA.1 and 
8 (32%) patients had Omicron BA.2. 12 (68%) patients had 
renal transplant. 56% of patients were males and the mean 
age was 49 years. The most frequent comorbidity was dia-
betes mellitus (52%). The most frequent immunosuppres-
sive medications received included tacrolimus (88%) and 
mycophenolate (80%). 48% and 36% of patients received two 
and three COVID-19 vaccine doses, respectively. Among 22 
vaccinated transplant recipients, 19 (86.3%) and 3 (13.7%) of 
patients received Pfizer-BioNTech and Oxford/AstraZeneca 
COVID-19 vaccines. 23 (92%) patients required hospitali-
zation for COVID-19-specific treatment, intravenous fluid 
replacement and antibiotics. 20 (80%) patients survived. 
Among survivors, 52% and 28% of isolates were Omicron 
BA.1 and BA.2, respectively, while patients who died had 
16% Omicron BA.1 and 4% Omicron BA.2, respectively. 
There was no difference between Omicron BA.1 and BA.2 
among survivors and those who died (p = 0.95) (Table 1).

6 (25%) patients had severe pneumonia and required inva-
sive ventilation and intensive care unit (ICU) admission. 
Among ICU patients, 66.7% were more than 50 years, 50% 
had two to three comorbidities, 33% had three doses of vac-
cine, 83% had Omicron BA1, 5 out of 6 patients (83%) died 
(Table 2). Death was significantly associated with develop-
ing severe disease (p = 0.001) and ICU stay (p < 0.001).

4  Discussion

We described 20% mortality in a single-center cohort of 
hospitalized transplant patients in Saudi Arabia infected with 
Omicron variants while a recent study in USA showed that 
the mortality of hospitalized transplant recipients during the 
Omicron surge was only 4%. The main reason for the high 
mortality in our study is the lower three doses vaccination 

https://www.beckman.com/reagents/genomic/rna-isolation/viral
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https://www.protocols.io/view/sars-cov2-genome-sequencing-protocol-1200bp-amplic-rm7vz8q64vx1/v6
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Table 1  Demographic and 
clinical characteristics of 
transplant patients with 
confirmed omicron variant of 
COVID-19 by death status (29 
Dec 2021–17 May 2022)

Survived
(N = 20)

Died
(N = 5)

Total
(N = 25)

p value*

Age (years)
 Mean ± SD 48.1 ± 14.4 54.4 ± 18.2 49.4 ± 15.0 0.433
  ≤ 50 9 (45.0%) 2 (40.0%) 11 (44.0%)  > 0.99
  > 50 11 (55.0%) 3 (60.0%) 14 (56.0%)

Gender
 Males 10 (50.0%) 4 (80.0%) 14 (56.0%) 0.341
 Females 10 (50.0%) 1 (20.0%) 11 (44.0%)

Comorbidity number
 Mean ± SD 2.2 ± 1.5 3.2 ± 1.8 2.4 ± 1.6 0.197
 0–1 6 (30.0%) 1 (20.0%) 7 (28.0%)  > 0.99
 2–3 11 (55.0%) 3 (60.0%) 14 (56.0%)
  ≥ 4 3 (15.0%) 1 (20.0%) 4 (16.0%)

Comorbidity
 Hypertension 7 (35.0%) 3 (60.0%) 10 (40.0%) 0.358
 Diabetes 9 (45.0%) 4 (80.0%) 13 (52.0%) 0.322
 Chronic kidney disease/ESRD 7 (35.0%) 3 (60.0%) 10 (40.0%) 0.358
 Ischemic heart disease 1 (5.0%) 1 (20.0%) 2 (8.0%) 0.367
 Cerebrovascular disease 2 (10.0%) 0 (0.0%) 2 (8.0%)  > 0.99
 Chronic Lung disease 2 (10.0%) 0 (0.0%) 2 (8.0%)  > 0.99
 Chronic liver disease/hepatitis 3 (15.0%) 1 (20.0%) 4 (16.0%)  > 0.99
 Venous thromboembolism 2 (10.0%) 1 (20.0%) 3 (12.0%) 0.504
 Others 10 (50.0%) 3 (60.0%) 13 (52.0%)  > 0.99

Transplant type
 Renal 14 (70.0%) 3 (60.0%) 17 (68.0%) 0.570
 HPSCT 2 (10.0%) 1 (20.0%) 3 (12.0%)
 Lung 2 (10.0%) 0 (0.0%) 2 (8.0%)
 Liver 1 (5.0%) 1 (20.0%) 2 (8.0%)
 Heart 1 (5.0%) 0 (0.0%) 1 (4.0%)

Immunosuppressive medications
 Mycophenolate 15 (75.0%) 5 (100.0%) 20 (80.0%) 0.544
 Tacrolimus 18 (90.0%) 4 (80.0%) 22 (88.0%) 0.504
 Steroids 16 (80.0%) 5 (100.0%) 21 (84.0%) 0.549
 Others 4 (20.0%) 1 (20.0%) 5 (20.0%)  > 0.99

Omicron Subvariants
 Omicron BA.1 13 (52%) 4 (16%) 17 (68%) 0.95
 Omicron BA.2 7 (28%) 1 (4%) 8 (32%)

Hospitalization
 Home Isolation 2 (10.0%) 0 (0.0%) 2 (8.0%)  > 0.99
 Hospitalization 18 (90.0%) 5 (100.0%) 23 (92.0%)

COVID-19 specific treatment
 No 8 (40.0%) 0 (0.0%) 8 (32.0%) 0.140
 Yes 12 (60.0%) 5 (100.0%) 17 (68.0%)

COVID-19 specific treatment
 Steroid 8 (66.7%) 5 (100.0%) 13 (76.5%) 0.261
 Remdesivir 6 (50.0%) 2 (40.0%) 8 (47.1%)  > 0.99
 Tocilizumab 4 (33.3%) 3 (60.0%) 7 (41.2%) 0.593

Vaccination
 No 2 (10.0%) 1 (20.0%) 3 (12.0%) 0.504
 Yes 18 (90.0%) 4 (80.0%) 22 (88.0%)

Number of vaccination doses
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status compared to the other study; 36% versus 89% [6]. 
In addition, COVID-19 monoclonal antibodies were used 
in 74% of patients in the second study while none of our 
patients received sotrovimab. Another recent study in Spain 
showed that the mortality of Omicron variant was 16% in a 
cohort of hospitalized transplant recipients [7]. In this study, 
93% of patients received three doses of COVID-19 vaccine 
status and they did not receive monoclonal antibodies indi-
cating that three doses of vaccination were not enough to 
reduce the mortality of Omicron variants in patients with 
transplant recipients. Another recent study in Canada con-
firmed that the combination of three COVID-19 vaccine 
doses and early use of SARS-CoV-2 monoclonal antibodies 
were associated with prevention of progression to severe 
disease and oxygen requirements [8].

The main strength of our study is the inclusion of 
patients with confirmed Omicron based on whole genome 
sequence studies. We included patients with Omicron sub-
variant BA.1 and BA.2 and we did not show that specific 
Omicron subvariants were associated with poor outcome, 
recognizing that our study sample was not powered to 
demonstrate a difference in mortality between Omicron 
subvariants. There is no enough data so far to demon-
strate that Omicron subvariants had different spectrum of 
severe diseases. A recent study in South Africa showed 

that Omicron B.A 1, 2, 4 and 5 surge is associated with 
reduced vaccine efficacy and increased hospitalization four 
months post booster vaccine and the authors suggested a 
booster vaccine four months post immunization or a new 
vaccine that included Omicron subvariants is required to 
reduce COVID-19 hospitalization [9].

The mortality in our study was observed in elderly 
patients with comorbidities, those who did not receive three 
doses of vaccine and required admission to the critical care 
unit. Age and comorbidities were the most important risk 
factors for mortality in transplant patients infected with 
COVID-19 in systemic reviews of several studies [10].

The reasons for the low uptake of booster COVID-19 
vaccination among transplant recipients in our institution 
were not clear and deserve detailed evaluation. In our hos-
pital, COVID-19 vaccine was available in the family medi-
cine clinics without charges. Transplant patients were the 
main population target for COVID-19 booster vaccination 
according to our hospital guidelines. In addition, transplant 
recipients were counseled about the availability and efficacy 
of vaccination during their visits to the infectious diseases 
and nephrology clinics. We did not perform active surveil-
lance among transplant recipients at different time periods 
to ensure that most patients were committed to receive the 
booster vaccination.

Table 1  (continued) Survived
(N = 20)

Died
(N = 5)

Total
(N = 25)

p value*

 0 2 (10.0%) 1 (20.0%) 3 (12.0%) 0.717
 1 1 (5.0%) 0 (0.0%) 1 (4.0%)
 2 9 (45.0%) 3 (60.0%) 12 (48.0%)
 3 8 (40.0%) 1 (20.0%) 9 (36.0%)

Months between positive PCR and last vaccine dates
 Mean ± SD 4.3 ± 2.4 5.1 ± 5.2 4.4 ± 2.9 0.831
  < 4 10 (55.6%) 2 (50.0%) 12 (54.5%)  > 0.99
  ≥ 4 8 (44.4%) 2 (50.0%) 10 (45.5%)

Days between positive PCR and symptoms 5.2 ± 7.5 5.0 ± 4.8 5.1 ± 6.9 0.733
Severity of Illness
 Asymptomatic 2 (10.0%) 0 (0.0%) 2 (8.0%) 0.001
 Upper respiratory tract infection 7 (35.0%) 0 (0.0%) 7 (28.0%)
 Pneumonia (not requiring oxygen) 5 (25.0%) 0 (0.0%) 5 (20.0%)
 Pneumonia (requiring low flow oxygen) 4 (20.0%) 0 (0.0%) 4 (16.0%)
 Pneumonia (requiring High flow oxygen) 1 (5.0%) 0 (0.0%) 1 (4.0%)
 Sever Pneumonia (requiring invasive ventilation) 1 (5.0%) 5 (100.0%) 6 (24.0%)

ICU stay
 No 19 (95.0%) 0 (0.0%) 19 (76.0%)  < 0.001
 Yes 1 (5.0%) 5 (100.0%) 6 (24.0%)

Length of stay (mean ± SD days)
 ICU 8.0 ± NA 33.4 ± 27.1 29.2 ± 26.3 0.143
 Hospital 6.8 ± 4.0 47.0 ± 31.1 15.6 ± 21.8 0.001

*Fisher exact test for categorical variables Mann Whitney test for continuous variables
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In our institution, there was a scarce supply of SARS-
CoV-2 monoclonal antibodies. In addition, the use of 
monoclonal antibodies in transplant recipients was chal-
lenging during the various SARS-CoV-2 waves in view of 
their variable efficacy to various variants [11]. The use of 
tixagevimab-cilgavimab (Evusheld) was recommended as 
pre-exposure prophylaxis for COVID-19 in immunocom-
promised patients and it was associated with a reduction of 
SARS-CoV-2 incidence during the Alpha, Beta and Delta 
Surge. Subsequent in vitro studies showed that Evusheld was 
less effective in the prevention of COVID-19 in the presence 
of SARS-CoV-2 subvariants BA.4 and BA.5 and a high dose 
of Evusheld was recommended based on pharmacodynamics 
and pharmacokinetics data [12]. Recently, a new study con-
firmed that the neutralizing activity of Evusheld was inef-
ficient against the new subvariants SARS-CoV-2 BQ and 
XBB and its use should be carefully evaluated when these 
subvariants were predominant in the community [13].

According to our hospital protocol and based on recent 
evidence favoring the early use of remdesivir in immuno-
compromised patients to prevent progression to severe dis-
ease, transplant patients presenting with mild to moderate 
disease in our institution were eligible to receive three days 
of intravenous remdesivir [14]. There was no difference in 
the utilization of remdesivir between survivors and non-
survivors, though our study was not powered to evaluate 
the impact of remdesivir on mortality.

Table 2  Demographic and clinical characteristics of transplant 
patients admitted to ICU with confirmed omicron variant of COVID-
19 (29 Dec 2021–17 May 2022)

ICU
(N = 6)

Age (years)
 Mean ± SD 55.5 ± 16.5
  ≤ 50 2 (33.3%)
  > 50 4 (66.7%)

Gender
 Males 4 (66.7%)
 Females 2 (33.3%)

Comorbidity number
 Mean ± SD 3.5 ± 1.8
 0–1 1 (16.7%)
 2–3 3 (50.0%)
  ≥ 4 2 (33.3%)

Comorbidity
 Hypertension 4 (66.7%)
 Diabetes 5 (83.3%)
 Chronic kidney disease/ESRD 4 (66.7%)
 Ischemic heart disease 1 (16.7%)
 Cerebrovascular disease 0 (0.0%)
 Chronic Lung disease 1 (16.7%)
 Chronic liver disease/hepatitis 1 (16.7%)
 Venous thromboembolism 1 (16.7%)
 Others 4 (66.7%)

Transplant type
 Renal 4 (66.7%)
 HPSCT 1 (16.7%)
 Lung 0 (0.0%)
 Liver 1 (16.7%)
 Heart 0 (0.0%)

Immunosuppressive medications
 Mycophenolate 6 (100.0%)
 Tacrolimus 5 (83.3%)
 Steroids 6 (100.0%)
 Others 1 (16.7%)

Omicron Subvariants
 Omicron BA.1 5 (83.3%)
 Omicron BA.2 1 (16.7%)

COVID-19 specific treatment
 No 0 (0.0%)
 Yes 6 (100.0%)

COVID-19 specific treatment
 Steroid 6 (100.0%)
 Remdesivir 2 (33.3%)
 Tocilizumab 4 (66.7%)

Vaccination
 No 1 (16.7%)
 Yes 5 (83.3%)

Number of vaccination doses

Table 2  (continued)

ICU
(N = 6)

 3 doses 2 (33.3%)
 2 doses 3 (50.0%)
 0 dose 1 (16.7%)

Months between positive PCR and last vaccine dates
 Mean ± SD 4.3 ± 4.8
  < 4 3 (60.0%)
  ≥ 4 2 (40.0%)

Days between positive PCR and symptoms 5.0 ± 4.3
Severity of Illness
 Asymptomatic 0 (0.0%)
 Upper respiratory tract infection 0 (0.0%)
 Pneumonia (not requiring oxygen) 0 (0.0%)
 Pneumonia (requiring low flow oxygen) 0 (0.0%)
 Pneumonia (requiring High flow oxygen) 0 (0.0%)
 Severe Pneumonia (requiring invasive ventilation) 6 (100.0%)

Length of stay (mean ± SD days)
 ICU 29.2 ± 26.3
 Hospital 41.2 ± 31.3

Outcome
 Mortality 5(83.3%)
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Our study had several limitations. We did not include 
non-hospitalized patients that tend to have mild disease and 
better outcome. The overall mortality would be lower in case 
our study population included non-hospitalized patients. We 
included a heterogenous population of solid organ transplant 
and hematopoietic stem cell transplant recipients with vari-
able immunosuppressive status which could over-estimate 
the overall mortality. We did not perform SARS-CoV-2 sero-
logical tests in both survivors and non-survivors which could 
be a predictor of mortality in our study population in view 
of the low percentage of patients receiving a third booster 
vaccine dose.

5  Conclusions

In our single-center study of transplant recipients infected 
with Omicron, the mortality rate was high in patients who 
required critical care admission. Only one third of transplant 
patients received a third booster COVID-19 vaccine. The 
use of booster vaccine dose is a fundamental COVID-19 
preventive component in any transplant centers. The use 
of monoclonal antibodies was challenging in immunocom-
promised patients during COVID-19 pandemic as various 
medications were losing their neutralizing antibodies in the 
presence of emerging SARS-CoV-2 subvariants that had 
different mutations and immune escape mechanisms. There 
was no difference between Omicron subvariants B.A.1 and 
B.A.2 in survivors and those who died though our study was 
not powered for this objective. Future studies are required to 
understand the impact of Omicron subvariants on the out-
come of immunocompromised patients.

Acknowledgements We would like to thank the support of our institu-
tions, King Faisal Specialist hospital and Research Center in Jeddah 
and Riyadh, King Abdullah University of Science and Technology 
(KAUST), Thuwal and Dr Sulaiman Al-Habib Medical Group, Riyadh, 
Saudi Arabia.

Author Contributions All authors contributed in the study concept, 
data analysis and reviewing the manuscript. YA, MKA, SMNI, AA 
and KYA contributed in the data acquisition. WTH wrote the study 
protocol. SAA, TM, GEA, FSA, AD and AP performed the experi-
ment. ANA wrote the manuscript draft. ANA, AD, BMA and AAO 
supervised the study progress.

Funding The whole genome sequence work was supported by a fac-
ulty baseline fund (BAS/1/1020-01-01), King Abdullah University of 
Science and Technology (KAUST), Thuwal, Saudi Arabia and King 
Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia: 
COVID19 grant 2200009.

Data Availability Data and materials are available when requested.

Declarations 

Conflict of Interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical Approval and Consent to Participate This research study was con-
ducted retrospectively from data obtained for clinical purposes. This work 
was approved by the institutional research board of King Faisal Specialist 
Hospital and Research Center, Jeddah, Saudi Arabia: IRB 2020-63.

Consent for Publication This research study did not include data and 
photographs that require consent for publication.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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 licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence 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 licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Gatti M, Rinaldi M, Bussini L, et al. Clinical outcome in solid organ 
transplant recipients affected by COVID-19 compared to general 
population: a systemic review and meta-analysis. Clin Microbiol 
Infect. 2022;28:1057–65. https:// doi. org/ 10. 1016/j. cmi. 2022. 02. 039.

 2. Vinson AJ, Anzalone AJ, Sun J, et al. The risk and consequences 
of breakthrough SARS-CoV-2 infection in solid organ transplant 
recipients relative to non-immunosuppressed controls. Am J Transpl. 
2022;00:1–15. https:// doi. org/ 10. 1111/ ajt. 17117.

 3. Overvad M, Kock A, Jespersen B, et al. Outcome following SARS-
CoV-2 infection in individuals with and without solid organ trans-
plantation – a Danish nationwide cohort study. Am J Transpl. 2022. 
https:// doi. org/ 10. 1111/ ajt. 17142.

 4. Alshukairi A, Al-Omari A, Al-Tawfiq J, et al. Active viral shedding 
in a vaccinated hospitalized patient infected with the delta variant 
(B.1.617.2) of SARS-CoV-2 and challenges of de-isolation. J Infect 
Public Health. 2022;15:628–30.

 5. Mourier T, Shuaib M, Hala S, et al. SARS-CoV-2 genomes from 
Saudi Arabia implicate nucleocapsid mutations in host response and 
increased viral load. Nat Commun. 2022;13:601. https:// doi. org/ 10. 
1038/ s41467- 022- 28287-8.

 6. Malahe SRK, Hoek RAS, Dalm VAS, et al. Clinical characteristics 
and outcomes of immunocompromised patients with Coronavirus 19 
caused by the Omicron variant: a prospective, observational study. 
Clin Infect Dis. 2022. https:// doi. org/ 10. 1093/ cid/ ciac5 71.

 7. Villanego F, Vigara LA, Alonso M, et al. Trends in COVID-19 out-
comes in kidney transplant recipients during the period of Omicron 
variant predominance. Transplantation. 2022;106:6. https:// doi. org/ 
10. 1097/ TP. 00000 00000 004126.

 8. Solera TS, Arbol BG, Alshahrani A, et al. Impact of vaccination and 
early monoclonal antibody therapy on Coronavirus disease 2019 
(COVID-19) outcomes in organ transplant recipients during the 
Omicron wave. Clin Infect Dis. 2022. https:// doi. org/ 10. 1093/ cid/ 
ciac3 24.

 9. Collie S, Nayager J, Bamford L, et al. Effectiveness and durability 
of the BNT162b2 vaccine against Omicron Sublineages in South 
Africa. N Engl J Med. 2022. https:// doi. org/ 10. 1056/ NEJMc 22100 
93.

 10. Udomkarnjananun S, Kerr SJ, Townamchai N, et al. Mortality risk 
factors of COVID-19 infection in kidney transplantation recipi-
ents: a systemic review and meta-analysis of cohorts and clinical 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.cmi.2022.02.039
https://doi.org/10.1111/ajt.17117
https://doi.org/10.1111/ajt.17142
https://doi.org/10.1038/s41467-022-28287-8
https://doi.org/10.1038/s41467-022-28287-8
https://doi.org/10.1093/cid/ciac571
https://doi.org/10.1097/TP.0000000000004126
https://doi.org/10.1097/TP.0000000000004126
https://doi.org/10.1093/cid/ciac324
https://doi.org/10.1093/cid/ciac324
https://doi.org/10.1056/NEJMc2210093
https://doi.org/10.1056/NEJMc2210093


54 Journal of Epidemiology and Global Health (2023) 13:47–54

1 3

registries. Nat Sci Rep. 2021;11:20073. https:// doi. org/ 10. 1038/ 
s41598- 021- 99713-y.

 11. Takashita E, Kinoshita N, Yamayoshi S, et al. Efficacy of antibodies 
and antiviral drugs against COVID-19 Omicron variant. N Engl J 
Med. 2022;386:10.

 12. https:// www. covid 19tre atmen tguid elines. nih. gov/ overv iew/ preve 
ntion- of- sars- cov-2/

 13. Wang Q, et al. Alarming antibody evasion properties of rising 
SARS-CoV-2 BQ and XBB subvariants. Cell. 2022. https:// doi. org/ 
10. 1016/j. cell. 2022. 12. 018.

 14. Gottlieb RL, Vaca CE, Paredes R, et al. Early Remdesivir to pre-
vent progression to severe COVID-19 in outpatients. N Engl J 
Med. 2022;386:305–15. https:// doi. org/ 10. 1056/ NEJMo a2116 
846.

https://doi.org/10.1038/s41598-021-99713-y
https://doi.org/10.1038/s41598-021-99713-y
https://www.covid19treatmentguidelines.nih.gov/overview/prevention-of-sars-cov-2/
https://www.covid19treatmentguidelines.nih.gov/overview/prevention-of-sars-cov-2/
https://doi.org/10.1016/j.cell.2022.12.018
https://doi.org/10.1016/j.cell.2022.12.018
https://doi.org/10.1056/NEJMoa2116846
https://doi.org/10.1056/NEJMoa2116846

	Outcome of Transplant Recipients Infected with Omicron BA.1 and BA.2: A Single-Center Retrospective Study in Saudi Arabia
	Abstract
	1 Introduction
	2 Methods
	2.1 Study Population
	2.2 Data Collection
	2.3 The Whole Genome Sequence Analysis
	2.4 The Whole Genome Sequence Analysis in KFSHRC-R
	2.5 The Whole Genome Sequence Analysis in KAUST
	2.6 COVID-19 Guidelines in KFSHRC-J
	2.7 Statistical Analysis

	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgements 
	References




