RMD
Open

Rheumatic &
Musculoskeletal
Diseases

To cite: @rbo HS, Bjarlykke KH,
Sexton J, et al. Incidence

and outcome of COVID-19
following vaccine and hybrid
immunity in patients on
immunosuppressive therapy:
identification of protective
post-immunisation anti-RBD
antibody levels in a prospective
cohort study. RMD Open
2024;10:6003545. doi:10.1136/
rmdopen-2023-003545

» Additional supplemental
material is published online only.
To view, please visit the journal
online (https://doi.org/10.1136/
rmdopen-2023-003545).

JTV, GLG, KKJ and SWS
contributed equally.

JTV, GLG, KKJ and SWS are joint
senior authors.

Received 28 July 2023
Accepted 15 February 2024

| '.) Check for updates

© Author(s) (or their
employer(s)) 2024. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Hilde S @rbo;
hildeorbo@gmail.com

ORIGINAL RESEARCH

Incidence and outcome of COVID-19
following vaccine and hybrid immunity
in patients on immunosuppressive
therapy: identification of protective
post-immunisation anti-RBD antibody
levels in a prospective cohort study

Hilde S Q@rbo
Anne T Tveter

"2 Kristin H Bjorlykke
," Ingrid E Christensen

2% Joseph Sexton," Ingrid Jyssum © "

1,2
"2 Siri Mjaaland,* Tore K Kvien © ,'?

Gunnveig Gredeland,?® Grete B Kro,? Jergen Jahnsen,?®

Espen A Haavardsholm
John T Vaage,?® Guro Levik Goll
Silje Watterdal Syversen @ ™*

ABSTRACT

Objectives To assess incidence, severity and
predictors of COVID-19, including protective post-
vaccination levels of antibodies to the receptor-binding
domain of SARS-CoV-2 spike protein (anti-RBD),
informing further vaccine strategies for patients with
immune-mediated inflammatory diseases (IMIDs) on
immunosuppressive medication.

Methods IMIDs on immunosuppressives and healthy
controls (HC) receiving SARS-CoV-2 vaccines were
included in this prospective observational study.
COVID-19 and outcome were registered and anti-RBD
antibodies measured 2—-5 weeks post-immunisation.
Results Between 15 February 2021 and 15 February
2023, 1729 IMIDs and 350 HC provided blood samples
and self-reported COVID-19. The incidence of COVID-19
was 66% in patients and 67% in HC, with re-infection
occurring in 12% of patients. Severe COVID-19 was
recorded in 22 (2%) patients and no HC. No COVID-19-
related deaths occurred. Vaccine-induced immunity gave
higher risk of COVID-19 (HR 5.89 (95% Cl 4.45 to 7.80))
than hybrid immunity. Post-immunisation anti-RBD levels
<6000 binding antibody units/mL were associated with an
increased risk of COVID-19 following three (HR 1.37 (95%
Cl 1.08 to 1.74)) and four doses (HR 1.28 (95% Cl 1.02 to
1.62)), and of COVID-19 re-infection (HR 4.47 (95% Cl 1.87
to 10.67)).

Conclusion Vaccinated patients with IMID have a
low risk of severe COVID-19. Hybrid immunity lowers
the risk of infection. High post-immunisation anti-
RBD levels protect against COVID-19. These results
suggest that knowledge on COVID-19 history, and
assessment of antibody levels post-immunisation can
help individualise vaccination programme series in
high-risk individuals.

Trial registration number NCT04798625.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Development of vaccines and vaccination strategies
against SARS-CoV-2 have been important to patients
with immune-mediated inflammatory diseases (IMIDs),
but evidence is still lacking across diagnoses and med-
ications regarding the incidence of severe COVID-19
during long-term follow-up throughout a multidose vac-
cine programme and exposure to different viral variants.

= Breakthrough infections induce a robust immunologi-
cal response in both vaccinated patients with IMID and
healthy individuals, but it is still unknown how this trans-
lates into clinical protection.

= The role of post-vaccination antibody levels in protection
against COVID-19 is still an ongoing debate.

INTRODUCTION

The rapid development of vaccines and vacci-
nation strategies against SARS-CoV-2 have
been of particular importance to patients with
immune-mediated inflammatory diseases
(IMIDs) on immunosuppressive therapies.
This patient group may still be at increased
risk of severe COVID-19, hospitalisation and
death from COVID-19."™° Vaccine responses
are attenuated due to immunosuppression,
and levels of antibodies to the receptor-
binding domain of SARS CoV-2 spike protein
(anti-RBD) decline more rapidly following
vaccination in immunosuppressed patients
than is the case in healthy individuals.”"?
Risk factors for severe COVID-19 includes
higher age, male sex and comorbidities, as
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WHAT THIS STUDY ADDS

= Vaccinated patients with IMID have a reassuringly low incidence of
severe disease and death caused by SARS-CoV-2 despite a high
occurrence of COVID-19 during long-term follow-up through sever-
al vaccine doses and different variants of concern.

= Patients with post-immunisation levels of antibodies to the
receptor-binding domain of SARS CoV-2 spike protein (anti-RBD)
above a specific cut-off are better protected against COVID-19,
compared with patients with weaker humoral responses to vac-
cines or breakthrough infection.

= Hybrid immunity protects better than vaccination alone against
infection.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Knowledge on COVID-19 history, and assessment of anti-RBD an-
tibody levels post-immunisation can help individualise vaccination
programme series in high-risk individuals.

= These data may also assure patients with IMID and healthcare pro-
viders and help to normalise life in this phase of the pandemic.

well as certain immunosuppressive therapies, like anti-
CD20 therapy.”® " '* However, in patients with IMID on
immunosuppressive therapies, evidence is lacking across
diagnoses and medications regarding the incidence of
severe COVID-19 during long-term follow-up after vacci-
nation, throughout a multidose vaccine programme
and exposure to different variants of concern.

Breakthrough infections induce a robust immunolog-
ical response in both vaccinated patients with IMID and
healthy individuals, but it is still unknown how this trans-
lates into clinical protection. In healthy individuals, clin-
ical protection against severe disease has been estimated
to last for at least a year post-omicron infection.” ' '° If
and how clinical COVID-19 should be accommodated
into future vaccine programmes for patients with IMID
is controversial.

The role of anti-RBD antibody levels in protec-
tion against COVID-19 is still an ongoing debate. The
anti-RBD antibody level sufficient to protect against
clinical COVID-19, and a possible association between
antibody levels, and severe COVID-19 have not been
established.

Repeated vaccination has been shown to improve
immune responses in patients with IMID and to close the
gap between this patient group and the healthy popula-
tion in terms of humoral immune responses.® Identifica-
tion of patients at risk of severe COVID-19 is important to
guide future vaccination policy, and to avoid unnecessary
vaccination in patients who are adequately protected. It
may be helpful to individualise recommendations based
on previous vaccine responses and prior COVID-19, as
well as diagnosis, age and medication.

The aim of this prospective observational cohort study
was to determine the incidence, outcome and predictors
of COVID-19 in patients with IMID with vaccine or hybrid

immunisation, with a particular focus on identifying
protective anti-RBD antibody levels.

METHODS

Study design and participants

Nor-vaC is an ongoing longitudinal observational study
conducted at two large centres for patients with IMID in
Norway: the Division of Rheumatology, Diakonhjemmet
Hospital, and the Department of Gastroenterology, Aker-
shus University Hospital. Patients (aged >18 years) with
rheumatoid arthritis, psoriatic arthritis, spondyloarthritis,
Crohn’s disease or ulcerative colitis on immunosuppres-
sive medication, and intending to undergo SARS-CoV-2
vaccination, were identified from hospital records and
invited to participate (online supplemental tables 1 and
2). In total, 2250 patients were recruited into the study
prior to initiation of the national vaccination programme
in February 2021. Healthcare workers were recruited as
controls.

Participants received vaccination as recommended by
the national vaccination programme administered by
the Norwegian Institute of Public Health.” Primary vacci-
nation in patients with IMID consisted of three doses
followed by a fourth (booster) dose at least 12 weeks after
the third dose. A fifth vaccine dose was recommended to
patients with IMID from August 2022. According to the
national vaccination programme, boosters were admin-
istered as either a half-dose of mRNA-1273 or as a full
dose of BNT162b2. Healthy controls received two vaccine
doses as primary vaccination, and a third (booster) dose
at least 12 weeks after the second dose.

In the present analyses, we included patients that
responded to questionnaires on COVID-19 status or were
registered as hospitalised due to COVID-19 (figure 1).

The study is registered at Clinicaltrials.gov,
NCT04798625.

Procedures

Participating patients with IMID and healthy controls
provided serum samples on a regular basis 2-5 weeks
after each vaccination and after a positive PCR or rapid
antigen test for COVID-19. Anti-RBD antibody levels were
assessed using an in-house bead-based method validated
against a microneutralisation assay at the Department of
Immunology at Oslo University Hospital.'” Throughout
the study, anti-RBD levels were reported back to study
participants.

Demographic data were collected at baseline, and
information on immunosuppressive medication was
self-reported both at baseline and at the time of vacci-
nation or infection through questionnaires. Comorbid-
ities listed in the Charlson Comorbidity Index (online
supplemental table 3) were collected through question-
naires and hospital records.'”® Gender data were defined
by national ID numbers, indicating male or female sex.
Patients received monthly reminders through question-
naires to report any COVID-19 infection verified by
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Figure 1 Study population.

either a PCR test or a rapid antigen test. Patients were
also asked for information regarding symptom severity
and symptom duration longer or shorter than 2weeks.

Data from Diakonhjemmet Hospital were collected
using Nettskjema; a self-administered electronic ques-
tionnaire tool hosted by University of Oslo (https://
www.uio.no/english/services/it/adm-services/nettsk-
jema/) and stored in the research portal Services for
Sensitive Data (https://www.uio.no/english/services/
it/research/sensitive-data/index.html). Data from Aker-
shus University Hospital were collected using Viedoc, V.4
(Sweden).

Data on administered vaccine types were provided
from the national database of COVID-19 vaccinations,
the Norwegian Immunisation Registry (SYSVAK). Data
on hospital admissions and cause of death were collected
from hospital records, the Norwegian Patient Registry
and the Norwegian Cause of Death Registry. Only
patients who were admitted to the hospital for at least 24
hours were included. The International Classification of

Diseases, Tenth Revision codes were used to find patients
admitted due to COVID-19 with the combination ‘viral
pneumonia’ and ‘COVID-19°, or ‘COVID-19’ in any
order and in combination with any other diagnoses.

The main outcomes were COVID-19 (defined as PCR
or antigen test verified infection), severe COVID-19
(defined as hospital admission or death due to COVID-
19) and COVID-19 re-infection. Hybrid immunity,
meaning immunity provided by a combination of vaccine
series and COVID-19, was in the present Cox analyses
defined as patients with registered COVID-19 following
three vaccine doses, and compared with infection-naive
patients with four vaccine doses.

Statistical analyses

Descriptive statistics were used to summarise baseline

characteristics of patients and controls, as well as patients

reporting persisting symptoms of COVID-19 over 2weeks.
To examine predictors of COVID-19, and COVID-19

re-infection, we performed Cox regression analyses with
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period of exposure starting 2weeks after each vaccine
dose (second, third and fourth) or COVID-19, running
until next vaccine dose or infection. Patients were
included if they had provided blood samples following
the vaccine in question (online supplemental figure 1).

Adjustments were made for age and sex with calendar
month as a time-varying covariate to adjust for differ-
ences in viral pressure and shielding recommenda-
tions. Predefined possible predictors of COVID-19, and
COVID-19 re-infection were age, sex, any comorbidity,
IMID diagnosis, immunosuppressive medication and
anti-RDB antibody levels assessed 2-5 weeks after vacci-
nation or infection.

To identify protective anti-RBD antibody levels against
COVID-19, and COVID-19 re-infection in the patient
population, we examined different cut-off levels. Cox
regression analyses were performed from above or below
50, 100, 200 and for each 1000 binding antibody units
(BAU)/mL up to 25 000 BAU/mL following a second,
third and fourth vaccine dose, as well as a third dose
plus COVID-19 (hybrid immunity). As for the other
predictors, analyses were adjusted for age and sex, plus
calendar month as a time-varying covariate. To assess
the sensitivity of the results to the number of covariate
adjustments, an analysis was performed adjusting only
for calendar month. The Cox regression model adjusted
for calendar month is shown in online supplemental
figure 2. Comorbidities were defined as one or more
comorbidities (online supplemental table 3). The risk of
severe COVID-19 following different vaccine doses and
hybrid immunity was compared with Fisher’s exact test,
and median antibody levels and age were compared with
Mann-Whitney U test. All analyses were performed using
STATA V.16.0.

Patient and public involvement

The research question was identified in collaboration
with the user representative in the project group who has
also been involved in the planning and conduction of the
study. The user representative has also played an impor-
tant role in the dissemination of the study results.

RESULTS

General characteristics

Between 15 February 2021 and 15 February 2023, 1729
patients with IMID (648 rheumatoid arthritis, 272 psori-
atic arthritis, 289 spondyloarthritis, 305 Crohn’s disease,
215 ulcerative colitis) reported on their COVID-19
history, provided blood samples and were included in
the present analyses (figure 1). Median age of patients
was 54 years (IQR 42-64), 971 (56%) were women, 758
(44%) were men. Median age of 350 healthy controls was
43 years (IQR 32-54), 277 (79%) were women and 73
(21%) were men. Baseline characteristics are shown in
table 1.

Incidence and predictors of COVID-19
In total, 1140 (66%) of 1729 patients and 236 (67%)
of 350 healthy controls reported having COVID-19 at

least once. During the observation period, 139 (12%)
patients vs 32 (14%) healthy controls reported under-
going COVID-19 twice. Sex, any comorbidity, IMID
diagnosis or immunosuppressive medication were
not associated with COVID-19 (table 2). The majority
of infections (969 (85%) of 1140) among patients
occurred after 1 January 2022, when the omicron
variant became predominant in Norway. Timing of
infections in the entire cohort is illustrated in online
supplemental figure 3A. Of the 1140 patients with
COVID-19, 64 (6%) had undergone infection prior
to vaccination (figure 2). Symptom duration of
COVID-19 over 2weeks were reported by 201 (18%)
patients and 29 (12%) healthy controls.

Severe COVID-19

Severe COVID-19 occurred in 22 (2%) of 1140 patients
compared with none of healthy controls, and 9 (41%)
of 22 occurred prior to vaccination (figure 2). Patients
with severe COVID-19 were older than patients with
non-severe disease (median age 61 (IQR 48-74) vs 52
(41-62) years) (p=0.04) (table 1). The risk of severe
COVID-19 was lower post-vaccination versus prevaccina-
tion (figure 2). Prevaccination, 9 of 64 patients (14%)
with COVID-19 had severe disease, compared with 3 of
104 (3%) following the second vaccine dose (p<0.05), 7
of 455 (2%) following the third vaccine dose (p<0.001), 3
of 555 (1%) following the fourth vaccine dose (p<0.001)
and 1 of 139 (1%) following hybrid immunity (p<0.001)
(figure 2). In total, 20 (91%) of 22 patients with severe
COVID-19 reported any comorbidity (online supple-
mental table 4). Four patients required intensive care (3
rheumatoid arthritis, 1 psoriatic arthritis); two prevacci-
nation, one after two vaccine doses and one after four
vaccine doses (online supplemental table 4). Two patients
were on treatment with prednisolone monotherapy, one
used methotrexate and one tumour necrosis factor inhib-
itor combination therapy (online supplemental table 4).
No COVID-19-related deaths were reported.

Hybrid immunity

Patients with vaccine-induced immunity with four vaccine
doses had higher risk of infection compared with patients
with hybrid immunity (three vaccine doses plus COVID-
19) (HR 5.89 (95% CI 4.45 to 7.80),p<0.001) (figure 3).
One (0.72%) of 139 patients with hybrid immunity was
admitted to hospital due to COVID-19, compared with
12 (1.20%) of 1001 patients with only vaccine-induced
immunity (figure 2). Timing of infections in the groups
with hybrid versus vaccine-induced immunity is shown in
online supplemental figure 3B.

Role of post-vaccination anti-RBD antibody levels

Patients with post-vaccination anti-RBD antibody levels
<6000 BAU/mL had a higher risk of COVID-19 until
the next immunisation after three (HR 1.37 (95% CI
1.08 to 1.74), p=0.011) and four vaccinations (HR 1.28
(1.02 to 1.62), p=0.036) (table 2, figure 4A-F). Likewise,
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Table 1 Characteristics of patients and healthy controls
All patients (n=1729)

Any COVID-19 (n=1140) Healthy
Severe COVID-19  COVID-19 re-infection controls
(n=22) (n=139) (n=350)
Demographics
Age, years 54 (42-64) 52 (41-62) 61 (48-74) 51 (37-59) 43 (32-54)
Female 971 (56%) 670 (59%) 10 (45%) 88 (63%) 277 (79%)
Male 758 (44%) 470 (41%) 12 (55%) 51 (37%) 73 (21%)
Any comorbidity* 717 (41%) 491 (43%) 20 (91%) 68 (49%) -
Diagnosis
Rheumatoid arthritis 648 (37 %) 425 (37%) 11 (50%) 56 (40%) —
Psoriatic arthritis 272 (16%) 184 (16%) 2 (9%) 20 (14%) -
Spondyloarthritis 289 (17%) 206 (18%) 3 (14%) 17 (13%) -
Crohn’s disease 305 (18%) 181 (16%) 2 (9%) 25 (18%) -
Ulcerative colitis 215 (12%) 144 (13%) 4 (18%) 21 (15%) -
Medication
TNFi monotherapyt 701 (41%) 484 (42%) 7 (32%) 63 (45%) -
TNFi combination therapyt 379 (22%) 257 (22%) 4 (18%) 26 (19%) -
Methotrexate 345 (20%) 217 (19%) 3 (14%) 27 (19%) -
Rituximab 75 (4%) 56 (5%) 2 (9%) 9 (6%) —
Interleukin inhibitor§ 76 (4%) 33 (83%) 1 (5%) 3 (2%) -
Janus kinase inhibitorq 50 (83%) 34 (3%) 2 (9%) 5 (4%) -
Vedolizumab 58 (3%) 29 (3%) 0 4 (3%) -
Other** 45 (3%) 30 (3%) 3 (14%) 2 (1%) -
Second vaccine
BNT162b2 1294 (75%) 853 (75%) 19 (86%) 100 (72%) 225 (64%)
mRNA-1273 425 (24%) 277 (24%) 1(5%) 38 (27%) 124 (35%)
None 10 (1 %) 11 (1%) 2 (9%) 1 (1%) 1(0.2%)
Third vaccine
BNT162b2 965 (56%) 611 (54%) 11 (50%) 66 (47 %) 297 (85%)
mRNA-1273 633 (37%) 433 (38%) 4 (18%) 53 (38%) 13 (4%)
None 131 (7%) 96 (8%) 7 (32%) 20 (14%) 40 (11%)
Fourth vaccine
BNT162b2 481 (28%) 264 (23%) 2 (9%) 31 (22%) 1 (0.2%)
mRNA-1273 506 (29%) 321 (28%) 1 (5%) 30 (22%) 1 (0.2%)
None 742 (43%) 555 (49 %) 19 (86%) 78 (56 %) 348 (99%)

Data are median (IQR) or n (%).

*Comorbidities listed in Charlson Comorbidity Index (online supplemental table 3).

TTNFi: infliximab, etanercept, adalimumab, golimumab, certolizumab pegol.

FCombination therapy: methotrexate, sulfasalazine, leflunomide, azathioprine, prednisolone.
§Interleukin inhibitors: ustekinumab, secukinumab, tocilizumab.

flJanus kinase inhibitors: tofacitinib, baricitinib, upadacitinib, filgotinib.

**Other: abatacept, sulfasalazine, leflunomide, azathioprine, prednisolone.

TNFi, tumour necrosis factor inhibitors.

postinfection anti-RBD antibody levels <6000 BAU/mL due to missing data is reported in online supplemental
increased the risk of COVID-19 re-infection (HR 4.47 figure 1.

(95% CI 1.87 to 10.67), p=0.0010) (figure 4G-1I, online The median post-vaccination anti-RBD antibody level in
supplemental table 5). The number of patients excluded  vaccinated patients with severe infection (n=11) was 444

@rbo HS, et al. RMD Open 2024;10:€003545. doi:10.1136/rmdopen-2023-003545 5


https://dx.doi.org/10.1136/rmdopen-2023-003545
https://dx.doi.org/10.1136/rmdopen-2023-003545
https://dx.doi.org/10.1136/rmdopen-2023-003545
https://dx.doi.org/10.1136/rmdopen-2023-003545
https://dx.doi.org/10.1136/rmdopen-2023-003545

'SJ0}QIYuI JOJOB} SIS0I0BU Jnowin ‘I4N | ‘eoualajal ‘Jai ‘urewop Bulpuiqg Joydedal ‘ggy ‘e|ge|ieae 1ou ‘y/N ‘suun Apoqnue Buipuig ‘Nyg
‘Bw G| > suojosiupaid ‘euudolyieze ‘epiwounyje| ‘euizeeseyns ‘1daoereqe oyiQs..

*‘gewnz|[1o0} ‘gewNUYNoas ‘qewnuiydisn :SIoHqIyul unapsiultl

‘Bw G| > auojosiupaid ‘aunidolyieze ‘epiwoun|yg| ‘euize[ese)|ns ‘ajexasjoyiow :Adesayy uoneuiquion,,

"lobad gewnzijopsd ‘qewnwijob ‘qewnwiepe ‘idaoisueis ‘qewixijyul (4N Lb

‘yjuow Jepus(ed pue abe oy paisnipy§

"YlUOW JepuUS[eD PUB X3S Jo} paisnipyt

‘yjuow Jepusfed pue xas ‘abe oy paisnipy}

'61-AINOD AQ PaMO||0} SOSOP SUIDDOBA 83y,

@rbo HS, et al. RMD Open 2024;10:e003545. doi:10.1136/rmdopen-2023-003545

= V/N 080 (88'L 0} #1°0) 160 00'L (82 01 0%°0) 00t 8G°0 (€6'9 01 ¥€°0) €G°L wsdOUIO
= V/N 62000 (19°00101°0) S2'0 2e0 (8€'1L 01 2€0) 220 €10 (6280162°0) .62 qewnzijopaj
= V/N 2e0 (6L 03 2€°0) 220 L0 (26'20168°0) €9'L G660 (L0'7 01 22°0) 560 siouqiyur sseuny snuep
= V/N €100 (€8'0 01 1L2°0) 2’0 810 (S2'1L 01 0€0) L9°0 = V/N Llsionqiyur uninapaiul
160 (€571 01 95°0) G8'2 120 (87°1 019G°0) 16°0 €20 (60°€0192°0) €G° | 0600 (08°01 01 8°0) 20°€E qewixniy
€20 (#2901 ¥9°0) 102 cro (Llz'L 01 €9°0) 280 Ge0 (Lz71L01reg0) 6Lt 120 (161 01 €2°0) 650 Sjexa110UIo N
080 (L&' 01 €€°0) 88°0 ¥€'0 (811 01 29°0) 98°0 8640 (L1101 65°0) L8'0 680 (00°2 03 65°0) SO'L wAdeseyy uoneulquiod ‘14N L
(o)) 1 (o) L (1) L Uoa) L bAdeseyiouow 14N L
Juoneoipay
020 (2G'L 01 LL°0) 20 cro (80 01 GG°0) 0G'L 8.0 (c6'z0rv10) P11 660 (L0'9 01 91°0) 660 SIH|0D 8AEISDIN
8¢€°0 (8671 01 21°0) 850 670 (Lg'e 01 2G°0) 9¢° L €0 (L2 01 ¥€°0) §8°0 G50 (92°€ 01 80°0) 95°0 aseas|p s,uyoin
650 (9v'z 01 L2°0) LL'O 190 (60°€ 01 1LG°0) 92'L 820 (S0 03 99°0) ¥9'L 160 (Lg'v 01 02°0) 26'0 siuypeojApuods
050 (612 01 02°0) 99°0 €80 (67°2 01 81°0) 60°L 810 (88°€ 03 22°0) €L°L 0 (€' 01 G0°0) €°0 SIYLE Oljeliosd
() L o)) L (1) L (oa) L Slilype plojewnayy
lsisouBeig
160 (Le'2 01 G¥°0) 20" L 650 (611 0112°0) ¥6°0 180 (ee71 0108°0) €0°L 050 (€1°'20169°0) L' JAupigiowod Auy
Lv'0 (20°€ 01 09°0) G€' | (0740} (0v" 1 01 28°0) LL'L 8v0'0 (€91 0100°L) 82| 9€'0 (Le'1L 01 2+°0) 6270 §xos sjewa4
8.0 (70" 1L 03 26°0) 00" L #2000°0 (66°0 01 86°0) 860 1L000°0> (66°0 01 £6°0) 860 120 (L0"L 03 26°0) 66°0 Foby
salisusioeleyn
0€0°0 (82°G0160°L) OV'2 99000 (cozorelL)0gk L€000°0 (98'z019¢°L) L6k €8°0 (9e'60192°0) 8L°I loooz>
08000 (e2901¢e1)66'C 190000 (L0'2oree ) 65 L /8000°0 (8ccorve L) 89'L €L°0 Gy orze0) veL loooo>
02000 (£8'6 01 29°1) ¥8°€ €€00°0 (eg Lol L) vl €€00°0 (06°L oY tL°L) LYk 610 (221 01 0€°0) 29°0 Joo0s>
01000 (29010} 28°L) LYY 9€0'0 (eoLoreoL)8et LLO'0 (P21 0180°L) LE'L 020 (e’ 1L 01 01°0) 020 10009>
= V/N ¥2'0 (161 01 06°0) LL'L 910 (26101 €6°0) L2'L G50 (ev"1L 03 1G°0) G8°0 Jooor>
= V/N ¥.°0 (P91 01 22°0) GO'L 920 (G901 /28°0) 02| €€°0 (61201 22°0) 0E"k Joooe>
uolesiunwiwi-}sod (qw/Nvg) sjers| Apoaiue agy-iuy
anjea d (1D %S6) HH anjea d (1D %S6) HH anjea d (1D %S6) HH anjea d (1D %S6) HH
m 62=U ‘6 k-QIAOD J0 Spuang 162=u ‘6 +-QIAOD J0 S1uaA3 Llg=u‘e +-QIAOD 40 Spuan3 19=U ‘6 k-QIAOD j0 SpuaAg
o Zlg=u ‘papnjoul syuaned 6€9=U ‘papnjoul sjuaned 2601=u ‘papnoul sjuaned Z6EL=U ‘papnoul sjuaied
(@] asop yynoy Buimojjo4 asop puodas Buimojjo4
fa) »Anunwwi pugAy asop piiy} buimojjo4
m Ayunwwi pugAy pue uoneuodeA Buimo||o) 61-AINOD 40} SI0J0E) YSlH g d]geL




a Infections

p<0.001 p<0.001 p<0.001
| p<0.05 ns | ns | ns |
= = =455 = =
100% n=64 n=104 n n35155 nl(ﬁQ
3(3) 7(2)
95%
9 (14)
90%
85%
80%
75%

Pre-vaccination
dose

m Non-severe COVID-19

Following 2nd vaccine Following 3rd vaccine Following 4th vaccine
dose dose

Following hybrid
immunity

Severe COVID-19

Figure 2 Distribution of non-severe and severe COVID-19 (requiring hospitalisation) across vaccine doses and hybrid
immunity (vaccine series and COVID-19) assessed by Fisher’s exact test. Numbers in parentheses are percentages. ns, not

significant.

BAU/mL (IQR 31-1634). This was lower as compared
with levels in the whole population following the second
(2114 BAU/mL (IQR 732-5749), p<0.001), third (5897
BAU/mL (1939-9761), p<0.001) and fourth vaccine dose
(7924 BAU/mL (3785-15049), p<0.001), and following
hybrid immunity (23505 BAU/mL (11423-37007),
p<0.001).

DISCUSSION
In this large observational study of patients with IMID
on immunosuppressive medication followed through the
different stages of the pandemic vaccination programme,
we demonstrate that although vaccinated patients had
a high incidence of COVID-19 comparable to healthy
controls, the risk of severe COVID-19 was low. Hybrid
immunity was superior to vaccine-induced immunity in
preventing COVID-19. Post-immunisation anti-RBD anti-
body levels >6000 BAU/mL were protective of infection
following both vaccine-induced and hybrid immunity.
Both unvaccinated and vaccinated patients with IMID
on immunosuppressive therapies have previously been

shown to be at greater risk of hospitalisation and death
due to COVID-19 compared with healthy individuals." > "
However, data on the long-term protection against severe
COVID-19 after vaccinations in this patient group are
lacking.20 In this study, only 13 out of 1719 patients were
admitted to hospital due to COVID-19 after receiving two
or more vaccine doses. Risk of severe disease was higher
prevaccination than post-vaccination. We cannot exclude
that this is partly related to other factors than vaccina-
tion status, including the pathogenicity of the different
viral variants and changes in care for immunosuppressed
patients with COVID-19.

Due to the low number of patients with severe COVID-
19, we were unable to perform statistical analyses on
predictive factors. However, the majority of patients with
severe disease had anti-RBD antibody levels in the lower
quartile. Patients who were aware of their low anti-RBD
antibody levels may have shielded during periods of high
transmission, but the low incidence of severe COVID-19
and the absence of COVID-19-related deaths in this
large cohort still suggest that most patients with low

@rbo HS, et al. RMD Open 2024;10:6003545. doi:10.1136/rmdopen-2023-003545
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Figure 3 Protection provided by hybrid immunity (three vaccine doses and COVID-19) compared with immunity by four
vaccine doses. Risk of COVID-19 in vaccine group (blue) versus hybrid group (red). The vaccine group comprised of infection-
naive patients with four vaccine doses and the hybrid group of patients with three vaccine doses followed by COVID-19.

Patients were censored if vaccinated before infection.

postvaccination anti-RBD antibody levels did not have
a severe COVID-19 disease course. This underlines the
importance of cellular immunity in viral control and
prevention of severe disease.”’ Cellular immunity has
previously been shown to be less affected by immunosup-
pressive medication.'’ Severe COVID-19 occurred in 2%
of patients compared with none of the healthy controls,
indicating a higher risk in patients with IMID on immuno-
suppressive therapies compared with healthy individuals.
However, the control group in our study were younger
than the patients with IMID, and the higher incidence of
severe COVID-19 in patients could partly be explained by
older age and comorbidities.

To our knowledge, this is the first study in the omicron
era to describe precise post-immunisation anti-RBD anti-
body levels that give real-life clinical protection against
COVID-19 in patients with IMID on immunosuppressive
therapies. Prior literature describing the healthy popula-
tion has shown that lower antibody levels are associated
with increased risk of COVID-19 with both the wild-type
and the omicronvariant.”* ® One omicron-era study
on patients with inflammatory bowel disease could not
identify a protective antibody level post-vaccination, only
post—infection.24 Here, we found that post-vaccination
antibody levels >6000 BAU/mL both following vaccina-
tion and infection resulted in better protection against
symptomatic COVID-19. The protective antibody level of
6000 BAU/mL defined in our study cannot be directly
transferred to other assays, as there is yet no recognised
universal standardisation of anti-RBD antibody measure-
ments. However, the cutoff defined in our study

population was close to the median anti-RBD antibody
level found in the overall cohort. It is thus reasonable
to assume that a similar cut-off would be found approx-
imately at the median level in other large IMID cohorts
analysed using other platforms. In patients with only two
vaccine doses, we could not identify a protective anti-RBD
antibody level against clinical COVID-19. Importantly,
the viral pressure in Norway was low in the observation
period after distributing the second vaccine dose due
to national shielding recommendations and only a few
cases of COVID-19 (n=104) were registered in this time
period. One could argue that measuring antibody levels
is outdated as the virus continuously evolves. However,
neutralising antibodies are shown to correlate with
overall antibodies to multiple variants of the virus, and
we believe measuring antibody levels is still of relevance
in high-risk individuals post-vaccination to plan timing of
the next booster dose."”

Evaluating the clinical protection offered by hybrid
immunity is of importance in planning future vaccina-
tion strategies. We have previously shown in the same
cohort that hybrid immunity induces a superior humoral
response to that induced by vaccines alone.” In the
current study, we report that hybrid immunity results
in higher anti-RBD antibody levels, and protects against
COVID-19 re-infection. This finding, which is in line with
prior studies in healthy individuals, is of significant clin-
ical importance.%_27 As the SARS-CoV-2 virus evolves, a
concern is that vaccination based on the original strain,
will determine which antibodies are elicited when
exposed to emerging variants (immune imprinting).*®

@rbo HS, et al. RMD Open 2024;10:e003545. doi:10.1136/rmdopen-2023-003545
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Figure 4 Protective post-vaccination anti-RBD antibody levels following a third (A—C) and fourth (D-F) vaccine dose, and
following hybrid immunity (G-I). Patients below anti-RBD antibody threshold in red, patients above threshold in blue. RBD,

receptor-binding domain.

However, hybrid immunity has been shown to enhance
both B-cell and T-cell immunity compared with vacci-
nation alone.® Here, we demonstrate the clinical
effectiveness of hybrid immunity compared with vaccine-
induced immunity in protecting against COVID-19.
Government-endorsed testing for COVID-19 has been
abandoned in many countries, but as the clinical signif-
icance of hybrid immunity becomes clearer, there may
be growing evidence to recommend individual testing
if symptoms indicative of COVID-19 are present in this
patient group.

Strengths of this study include a comprehensive and
consistent follow-up of a large cohort of patients with
IMID on immunosuppressive therapies over 2 years
during different stages of the pandemic vaccination
programme with regular blood sampling and ques-
tionnaires, through varying viral pressure, different
dominating variants of concern and different national
recommendations for shielding. This enabled monthly
registration of COVID-19 and duration of symptoms,
as well as standardised collection of serum samples
following both vaccination and breakthrough infection.
National registries ensured high-quality and validated
data on severe COVID-19 and vaccination.

This study also has some limitations. We have been
unable to adjust for shielding behaviour, and this may
have influenced the rate of infections in particularly
vulnerable patients. However, our finding that patients
have the same incidence of COVID-19 overall as exposed
healthcare workers is in line with previous results and
may indicate no major difference in shielding behaviour
between the two populations during the study period.”
According to a Dutch study, there was no difference
in the incidence of breakthrough infections between
healthy controls and patients with IMID.” These findings
support that missing data on infections in our material
are unlikely to impact the comparison between these two
groups. Another limitation is that we do not have national
registration data on COVID-19 as this registration ceased
from 24 January 2022. Data on non-severe COVID-19 are
thus self-reported. Although requests for reporting infec-
tions were sent out monthly, we cannot exclude reporting
bias between patients and healthy controls. Most asymp-
tomatic infections have probably not been reported in
both groups. Furthermore, in our analyses on protective
antibody levels following hybrid immunity the number
of re-infections is limited, and a larger sample size could
possibly identify a lower threshold of protection. Nor-vaC
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was designed to address vaccine responses, and patients
were included into the study from February 2021. We
cannot fully address COVID-19 risk and outcomes in
unvaccinated patients with IMID. Some patients with
IMID may have died from severe COVID-19 during
the first year of the pandemic prior to the start of the
current study. Furthermore, due to few patients with
severe COVID-19, we were not able to adjust for various
confounders or explore predictors of this outcome.

In conclusion, vaccinated patients with IMID have a
reassuringly low incidence of severe disease and death
caused by SARS-CoV-2 despite a high occurrence of
COVID-19 during long-term follow-up. As hybrid immu-
nity protects better than vaccination alone against infec-
ton, clinical COVID-19 should be accommodated into
vaccine programmes for this patient group.

A prior study from this cohort has shown that patients
with IMID have a superior humoral response following
hybrid immunity compared with vaccination alone.’
The present analyses demonstrate how this is translated
into strong clinical protection for the following months,
supporting to postpone vaccination at least 4-6 months
following infection. This implies the need for testing
if patients with IMID experience clinical symptoms of
COVID-19.

Patients with anti-RBD antibody levels above a specific
cut-off are better protected against COVID-19, compared
with patients with weaker humoral responses. Evaluation
of post-vaccination antibody responses could be consid-
ered in order to individualise the vaccination regimen in
high-risk individuals.
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