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The Omicron (B.1.1.529) variant of concern (VOC) of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV2), the
virus that causes coronavirus disease 2019 (COVID-19), was first
detected in November 2021 in South Africa [1]. It is characterized
by several mutations of the spike protein especially in the region
that recognizes receptors on human cells, which has increased
its transmissibility compared with the wild type and previous
VOCs. There is increasing evidence in the general population
that Omicron is associated with less severe disease and that
the third/booster vaccine dose offers additional protection
from severe COVID-19 disease [2, 3]. In patients undergoing
kidney replacement therapy (KRT), it is now well established
that whilst two doses of a COVID-19 vaccination induce a

serological response with formation of anti-S immunoglobulin
G antibodies in the majority of dialysis patients, this offers
lesser protection against death and hospitalization compared
with that offered in people without kidney failure [4–7]. In
the UK from mid- to late-December, neutralizing monoclonal
antibodies (nMabs) and/or oral antiviral therapy were offered
to symptomatic patients receiving KRT (dialysis and transplant)
following a positive polymerase chain reaction test irrespective
of disease severity. There is currently a lack of data on how the
Omicron variant has impacted on outcomes following infection
with SARS-CoV-2 in patients receiving KRT.

We investigate the effects of COVID-19 vaccination on
incidence and clinical outcomes of COVID-19 following the
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FIGURE 1 a): Timeline of cumulative cases of COVID-19 by KRTmodality in Scotland. Purple vertical dashed lines represent date each VOC became the dominant strain.

For Delta this was 4 June 2021, while for Omicron this was 17 December 2021 [1, 9].

FIGURE 1 b): Flowchart of outcomes for triple-vaccinated patients who tested positive for SARS-CoV-2. *Denominator 4815 triple-vaccinated individuals (1849 dialysis
and 2966 transplant).

advent of the Omicron variant as the dominant strain from 17
December 2021, until 27 March 2022 in all patients receiving
KRT in Scotland.

Details of methods are provided in Supplementary Methods.
As of 27 March 2022, 4815 patients, which amounts to 90% of the
prevalent KRT population in Scotland,had received at least three
doses of a SARS-CoV-2 vaccine (88% of dialysis patients and 91%
of transplant patients), and 46% a fourth dose. Of those who had
received three doses, 97% received a messenger RNA (mRNA)
vaccine, the remainder received ChAdOx1 (Oxford–AstraZeneca)
as their third dose. This contrasts with the initial two doses
where the majority of patients received ChAdOx1 vaccine [5].
Figure 1a shows the timeline of positive cases since the outset

of the pandemic in patients receiving KRT in Scotland bymodal-
ity. There were 792 positive cases of COVID-19 since 17 Decem-
ber 2021 when Omicron was considered the dominant variant
in the UK. A total of 671 patients tested positive at least 14 days
after a third dose of vaccine. Of these, 389 (58%) were in patients
with a transplant and 282 (42%) in patients receiving dialysis.
Forty-nine of these were re-infections. Median time to testing
positive after third dose was 109 days (interquartile range 83–
139). Outcomes of patients who tested positive for SARS-CoV-2
since 17 December 2021 at least 14 days after a third dose of vac-
cine are shown in Fig. 1b: 146 (22%) were hospitalized; 28 (4%)
died. The majority of those who were hospitalized were male
(64%). Sixteen percent of triple-vaccinated transplant patients
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FIGURE 1 c): Percentage of patients alive 28 days following positive COVID-19 polymerase chain reaction shown with total number of SARS-CoV-2 infections for each
month, broken down by vaccination status and KRT modality. Black line: % alive at 28 days; bar chart: number of vaccine doses.

and 23% of triple-vaccinated dialysis patients were hospitalized.
The median age of those who died and were triple vaccinated
was 71 (interquartile range 63–74) and 61% were male. Over-
all, 2% of triple-vaccinated transplant patients and 5% of triple-
vaccinated dialysis patients died. Supplementary Fig. S1 shows
hospital admissions bymodality since the beginning of the pan-
demic, demonstrating a reduction in hospitalizations since ad-
ministration of a third dose of vaccine and emergence of the
Omicron variant. Figure 1c shows the percentage alive at 28 days
in those who test positive, by modality.

We present complete national real-world data demon-
strating improvement in both mortality and hospitalization in
patients receiving KRT since emergence of the Omicron VOC.
In our population we have previously shown that outcomes
were extremely poor prior to vaccination, with 26.7% mortality
in dialysis patients and 29.2% in transplant patients [8]. This
improved following two doses of a COVID-19 vaccine, but mor-
tality was still substantially higher than the general population
(7% for dialysis patients and 10% for transplant patients) [5]. We
demonstrate further improvement in outcomes with a signif-
icant reduction in both hospitalization and mortality over the
subsequent period from December 2021 onwards. Whilst the
high transmissibility of Omicron has led to a dramatic increase
in the number of infections with SARS-CoV-2, the proportion
of those being hospitalized and/or dying within 28 days of a
positive test is much lower than previous (see Fig. 2a). It remains
unclear, however, whether this improvement is due to a third

dose of vaccine, the emergence of Omicron as the dominant
variant in Scotland or the administration of nMabs and oral
antivirals. We do not have genotypic sequence data on the
individual cases of SAR2-CoV-2 infection in patients requiring
KRT, so we can only comment on the outcomes in patients on
KRT during each era when the various VOC were the dominant
strain in the general population of Scotland, rather than ascribe
the outcomes directly to changes in pathogenicity of each VOC
in patients requiring KRT.

Despite increasing transmissibility and dramatic rises in the
number patients experiencing SARS-CoV-2 infection, outcomes
have improved in those patients requiring KRT with SARS-CoV-
2 infection. Whilst it is unclear what the implications of society
‘opening up’ will have for this vulnerable patient group, these
data provide some reassurance that outcomes have improved
since the onset of the pandemic. Strategies are required to fur-
ther improve outcomes in patients treated with KRT so that they
can safely engage with society, including maintaining social in-
teractions and employment, as society further returns towards
pre-pandemic levels of social interaction.
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