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ABSTRACT

Introduction In light of the SARS-CoV-2 pandemic,
protecting vulnerable groups has become a high priority.
Persons at risk of severe disease, for example, those
receiving immunosuppressive therapies for chronic
inflammatory cdiseases (CIDs), are prioritised for
vaccination. However, data concerning generation of
protective antibody titres in immunosuppressed patients
are scarce. Additionally, mRNA vaccines represent a

new vaccine technology leading to increased insecurity
especially in patients with CID.

Objective Here we present for the first time, data

on the efficacy and safety of anti-SARS-CoV-2 mRNA
vaccines in a cohort of immunosuppressed patients as
compared with healthy controls.

Methods 42 healthy controls and 26 patients with

CID were included in this study (mean age 37.5 vs 50.5
years). Immunisations were performed according to
national guidelines with mRNA vaccines. Antibody titres
were assessed by ELISA before initial vaccination and

7 days after secondary vaccination. Disease activity and
side effects were assessed prior to and 7 days after both
vaccinations.

Results Anti-SARS-CoV-2 antibodies as well as
neutralising activity could be detected in all study
participants. IgG titres were significantly lower in patients
as compared with controls (2053 binding antibody units
(BAU)/mL £1218 vs 2685+1102). Side effects were
comparable in both groups. No severe adverse effects
were observed, and no patients experienced a disease
flare.

Conclusion We show that SARS-CoV-2 mRNA vaccines
lead to development of antibodies in immunosuppressed
patients without considerable side effects or induction
of disease flares. Despite the small size of this cohort,
we were able to demonstrate the efficiency and safety of
mRNA vaccines in our cohort.

INTRODUCTION

The SARS-CoV-2 pandemic continues to threaten
the health of patients worldwide. Patients receiving
immunosuppressive medication, for example, in
the context of transplantation or chronic inflam-
matory diseases (CID), are considered to be at a
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Key messages

What is already known about this subject?

» Data on the efficacy and safety of mRNA
vaccines in patients with immunosuppressive
therapies is not available so far.

What does this study add?

» In our cohort, mRNA vaccines against SARS-
CoV-2 showed a considerable immunogenicity
in patients.

» Side effects in patients were comparable with
controls with systemic side effects being less
frequent.

» No flares of the underlying inflammatory
condition could be observed in the context of
the vaccination.

How might this impact on clinical practice or

future developments?

» The data in this study indicate that mMRNA
vaccines against SARS-CoV-2 are immunogenic
and safe in patients with chronic inflammatory
diseases.

higher risk of severe manifestations of COVID-
19. Generally, patients receiving immunosuppres-
sion are considered to have an increased risk for
infections. However, registry data appear to indi-
cate that in the context of SARS-CoV-2 not every
immunosuppressed patient has an increased risk
of severe COVID-19. Indeed, biological thera-
pies have been identified as decreasing the risk for
hospitalisation due to COVID-19 in cohorts of
patients with rheumatic diseases, chronic inflam-
matory bowel diseases and psoriasis.'™ The most
important factors associated with a higher risk of
hospitalisation and death across multiple indica-
tions and forms of immunosuppression were found
to be older age, high underlying disease activity
as well as high glucocorticoid dosages (at dosages
equivalent to prednisolone =10mg)." ¢ 7 Addi-
tionally, B cell depleting drugs, that is, rituximab,
might represent a risk factor.® Until now, there is
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insufficient registry data for other drugs commonly used to
treat patients with CID in terms of increased risk of severe
COVID-19."?'" However, patients have minimised their risk by
sheltering in place early and reducing infection contacts (own
unpublished data).

Several drugs used in the management of CID have been anal-
ysed as potential treatments for COVID-19, especially in atten-
uating the so-called cytokine storm, some of which have shown
considerable benefit."'

Vaccination against SARS-CoV-2 is now a reality for the
most vulnerable and continues to spread to encompass patients
receiving immunosuppressive therapies. However, patients
with a higher risk being older, taking more steroids and having
high underlying disease activity are known to respond less to
vaccines.'*™* Additionally, patients with CID and those taking
anticytokine therapies or immunosuppression were excluded
from the phase III trials for all vaccines approved by the Euro-
pean Medicins Agency (EMA) and US Food and Drug Adminis-
tration (FDA).'¢"18

The scarce data available on vaccine response under immu-
nosuppression for other vaccines leaves many open questions in
relation to SARS-CoV-2 vaccination." '’

As shown for several vaccines in patients with chronic inflam-
matory diseases and transplanted patients, antibody titres post-
vaccination may be decreased depending on the vaccine and the
treatment (although this is not always the case). 2% In relation
to SARS-CoV-2, it is currently unclear how immunosuppres-
sion for CID affects vaccine response. There are also additional
concerns regarding reactivation of the inflammatory disease by
new mRNA vaccines.

We therefore provide for the first-time data comparing the
immunogenicity and safety of SARS-CoV-2 mRNA vaccines
in patients with CID undergoing immunosuppressive therapy
compared with healthy controls in a monocentric observational
study.

MATERIAL AND METHODS

Healthy individuals as well as the majority of patients with
CID were recruited from healthcare workers of the University
Medical Center in Kiel and other surrounding hospitals. Aged
patients were recruited from the patient cohort of the rheu-
matology outpatient department in Kiel. Healthy controls and
patients were vaccinated based on the occupational exposure
risk or age associated risk at official vaccination centres. The
vaccination was not part of the study.

Forty-two healthy controls and 26 patients with CID were
enrolled into this non-randomised trial. All volunteers were
eligible for early vaccination according to German federal regu-
lations and received mRNA vaccines from either BioNtech/Pfizer
or Moderna. Five Patients were immunised with COVID-19
vaccine Modernay; all others received Comirnaty. Vaccines were
given to the participants with an interval of 35 days between the
two doses. Patients older than 80 years were immunised twice
with a 21-day interval.

Monitoring for disease activity (disease activity score 28
(DAS28), Patients Global Assessment (PGA) and Physician
Global Assessment (PhGA)) was performed at baseline (before
first vaccination), 7 days after the first vaccination, on the day
of the second immunisation and 7 days thereafter plus any other
time point in between if disease flares were experienced. Routine
laboratory monitoring was performed at each time point. Side
effects were monitored by online surveys and medical history
taking 14 days after secondary vaccination.

IgG antibodies against SARS-CoV-2 were quantified by ELISA
according to manufacturer’s protocol (EUROIMMUN Quan-
tiVac), and neutralising antibodies were measured using an
ELISA-based neutralisation test system according to manufactur-
er’s protocol (cPass system, kindly provided by medac).?! Addi-
tionally, anti-SARS-CoV-2 IgA titres were quantified according
to manufacturer’s instruction (Aeskulisa, Aeskulap)

Antibody testing were normally performed on day 0, the
day of secondary immunisation and day 7 after secondary
immunisation.

Statistical analysis was performed using GraphPad Prism.
Mann-Whitney tests was used for statistical analysis, and p values
below 0.05 were considered significant.

RESULTS

Demographics

Healthy controls were 69.2% women with a mean age of 37.5
years (*+13.4; range 22-61). All were healthcare professionals.
No participant previously had SARS-CoV-2-infection before
vaccination.

The CID patient cohort consisted of 64.3% women with
a mean age of 50.5 years (+15.8; range 24-89). Again, the
majority were healthcare workers and none had been infected
with SARS-CoV-2 prior to vaccination. Table 1 contains detailed
CID patient information (inflammatory diseases and therapies).

SARS-CoV-2 mRNA vaccines show immunogenicity in patients
with CID

Neutralising antibodies and total anti-SARS-CoV-2 IgG were
detected in all patients with CID and healthy controls after the
second vaccination. No non-responders were detected in any
group. None of the participants displayed considerable antibody
titres before the first vaccination, indicating no prior infection.

While the healthy control group showed a mean anti-SARS-
CoV-2-IgG titre of 2685 BAU/mL (1102, 793-3840), patients
with CID exhibited significantly lower levels of specific immu-
noglobulins against the SARS-CoV-2 spike protein (mean 2053
BAU/mL=1218, 98.2-3840) 7days after the secondary immu-
nisation (p=0.037). Nevertheless, all patients presented with an
antibody titre above the ELISA cut-off (figure 1A and B). When
comparing groups by age range however, this difference was not
significant anymore (figure 1G).

Patients with CID also had lower levels of neutralising anti-
bodies, with a mean inhibitory activity level of 96.04% detected
in healthy controls (x1.551, 91-97), whereas patients presented
with a mean inhibitory level of 87.42% (+17.94, 37-97;
p=0.0442) (figure 1C, D and H).

Of interest, SARS-CoV-2 IgA antibodies were detectable in
nearly all patients and healthy controls 7days after secondary
immunisation. Again, patients with CID had lower specific IgA
levels compared with healthy controls (mean 24.52+30.48 U/mL
vs 47.65+45.12U/mL; p=0.0035). One patient with CID had no
detectable specific IgA, while an additional two patients and three
healthy controls showed IgA levels below the cut-off (E and F).

Comparing the largest therapeutic groups (TNF blockade
vs conventional disease-modifying antirheumatic ~ drugs
(cDMARDs) vs anti-interleukin 17) showed no significant differ-
ence between those therapies (online supplemental figure 1).

Patients with CID had a marginal propensity towards mild
vaccine side effects compared with healthy controls

Side effects as documented by an online survey were comparable
in both groups. Mild systemic side effects such as fatigue and
myalgia were more frequent in the CID patient cohort relative
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Table 1 Demographics and clinical characteristics of the included patients

Age Biological
Sex (years) Inflammatory disease DMARD Conventional DMARD Steroids
F 44 Psoriatic arthritis Golimumab Leflunomide 5mg prednisolone
F 35 Psoriatic arthritis Certolizumab pegol - -
F 43 Rheumatoid arthritis Certolizumab pegol - 5mg prednisolone
M 46 MCTD - Hydroxychloroquine -
F 39 Rheumatoid arthritis Etanercept Leflunomide -
F 51 Rheumatoid arthritis - Sulfasalazine -
F 65 Spondyloarthropathy Infliximab - -
M 38 Spondyloarthropathy Etanercept - -
F 45 Sarcoidosis Infliximab = 15mg prednisolone
F 33 Rheumatoid arthritis Certolizumab pegol - -
M 84 Giant cell vasculitis Tocilizumab - 5mg prednisolone
F 47 Psoriasis Ixekizumab - -
M 83 Rheumatoid arthritis Etanercept - 2.5mg prednisolone
M 38 Crohn’s disease Vedolizumab - -
F 53 Rheumatoid arthritis - Leflunomide 7mg prednisolone
F 24 Systemic lupus erythematosus - Hydroxychloroquine -
M 42 Psoriasis Adalimumab = =
F 54 Rheumatoid arthritis Adalimumab - -
M 58 Spondyloarthropathy Secukinumab - -
F 51 Psoriasis Secukinumab - -
F 53 Crohn’s disease Infliximab = =
M 61 Psoriasis Ustekinumab - -
M 36 Systemic lupus erythematosus Belimumab Hydroxychloroquine -
F 89 Myositis - - 2.5mg prednisolone
F 49 Multiple sclerosis/Crohn’s disease = Azathioprine =
F 54 Rheumatoid arthritis Adalimumab - -

DMARDs, disease-modifying antirheumatic drugs; MCTD, mixed connective tissue diseases.

to healthy controls (53.8% vs 43.2% and 42.3% vs 31.6%). A
similar pattern was seen for headache (38.5% vs 35.1%). Fever
was completely absent in patients with CID while being reported
by 13.5% of the healthy cohort. Arthralgia was comparable in
both groups.

Some additional side effects were reported in both groups
such as nausea and vomiting, thoracic pain and exacerbation
of pre-existing asthma (table 2). However, not all controls did
report side effects.

Inflammatory disease activity remained stable throughout
the study

Activity of inflammatory disease was monitored by DAS28 for
patients with inflammatory arthritis and PGA as well as PhGA
for all patients with CID.

We did not observe any inflammatory arthritis flares (delta
DAS28 >0.6) in the context of either vaccination time points.
Delta PGA and PhGA showed a maximal mean change of 0.4
(£1.29) at the time point of the secondary vaccination, whereas
the delta for the last time point (7 days after secondary vaccina-
tion) was 0.076 (£0.4) compared with baseline. No patient with
CID needed to adjust DMARD or glucocorticoid therapy in the
6 weeks of trial duration (figure 2A,B).

DISCUSSION

Due to the ongoing COVID-19 pandemic, the effectiveness and
safety of novel mRNA vaccines in immunosuppressed patients is
under discussion, but real-world data have been missing. Patients
with CID as well as physicians have been confronted with the
question as to whether immunosuppressed patients, who were
excluded from the phase III vaccine trials, should be vaccinated
without prior knowledge of the potential risks of adverse events
and changes in efficacy when this new type of vaccine is used in

patients with CID. This lack of information has created addi-
tional insecurity and hesitation in both physicians and patients.

With the data acquired in this investigation, we are able to
demonstrate for the first time in a mixed cohort of patients
with CID undergoing a spectrum of immunosuppressive treat-
ments that such conditions, and therapies do not significantly
abrogate the anti-SARS-CoV-2 antibody response after vaccina-
tion. Hence, in this cohort, no patient with CID was a complete
non-responder even though antibody titres were slightly lower
in patients with CID compared with controls. Furthermore,
all patients had considerable levels of neutralising antibodies
7 days after secondary vaccination. Moreover, the thee patients
with CID and three healthy controls with low IgA serum levels
displayed substantial neutralisation capacity and IgG levels.
Nevertheless, a direct comparison with phase III study data is
not possible as different testing systems were used.*> The only
patient with a very low IgG level and absent IgA response was an
85-year-old patient with multiple comorbidities, known to influ-
ence vaccine response additionally, receiving anti-interleukin 6
therapy and glucocorticoids. Therefore, age-related immunose-
nesence may also contribute to the low Ig levels. Nevertheless,
this patient also mounted a significant neutralising response after
vaccination. Regarding the age difference between patients and
controls, the overall antibody levels showed a significant differ-
ence between both groups. When comparing the according age
groups, however, differences in antibody levels were not found
to be significant.

A fraction of patients paused their DMARD medication
around the vaccinations. In this cohort, no effect of pausing
versus continuing was observed in our cohort. The same holds
true for the use of non-steroidal anti-inflammatory drugs.
However, none of the patients was in methotrexate therapy,
which has been reported to have an impact on vaccination
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SARS-CoV-2 specific antibodies are detectable in patients and healthy controls. (A) Anti-SARS-CoV-2 IgG antibodies in patients with CID

and controls 7 days after secondary immunisation. (B) IgG titres in patients with CID and controls at baseline on the day of the second immunisations
and 7 days later. (C) Neutralising activity at 7 days post secondary immunisation. (D) Change in neutralising antibodies from baseline to day 7 after
the second immunisation. (E) Anti-SARS-CoV-2 IgA levels 1 week after the second mRNA vaccination in patients and controls. (E) IgA titres at baseline
and 7 days after second vaccination. Anti-SARS-CoV2-IgG titres (G) and neutralising capacity (H) in healthy controls and patients by age group 7 days
after secondary vaccination. Each symbol represents a single study participant. Bars represent means. Cut-offs for commercial test are displayed as
horizontal dashed lines. CID, chronic inflammatory disease; HCo, healthy control.

response. Additionally, no patient on B cell depleting therapy,
mycophenolate or cyclophosphamide was included into the
study. Especially B cell depleting therapies are known to decrease
vaccination response dramatically.

Due to the small cohort, comparison of different thera-
peutic targets was statistically not feasible. Comparing TNF
alpha blockade as the most prevalent therapeutic target in

rheumatology as compared with cDMARDSs and anti-interleukin
17 blockade showed no significant difference. Obviously, treat-
ment groups were small, and the SD in the TNF blocker group
was high. Therefore, generalising from these data might be
inappropriate.

Vaccination does not appear to be a major driver of flare ups
in patients with CID as none of our cohort showed a significant
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Table 2 Side effects after secondary immunisation in healthy
controls and patients with CID as documented 7 days after the
vaccination

Healthy donors Patients

n=38/42 (%) n=26/26 (%)
Symptoms N % N %
Local pain at injection side 25 65.8 17 65.4
Local reddening 2 5.6 2 7.7
Local swelling 4 1.1 4 15.4
Fatigue 16 43.2 14 53.8
Headache 13 35.1 10 385
Fever >38°C 5 135 0 0
Fever >40°C 0 0 0 0
Lymph node swelling 4 10.8 3 1.5
Chills 8 21.6 1 3.8
Arthralgia 6 16.2 4 15.4
Myalgia 12 31.6 1 42.3
Other side effects 7 18.4 5 19.2
Need for NSAIDs 10 26.3 9 34.6

NSAIDs, non-steroidal anti-inflammatory drugs.

activation of their inflammatory disease. Mild side effects were
only marginally increased, whereas systemic side effects such as
fever were reduced in patients with CID compared with healthy

A DAS28

-1

O -
~ =

35 42

10 time (days)

A Patients global assesment (VAS)

7 35 42

time (days)
Figure 2 Disease activity does not increase over time after SARS-
CoV-2 vaccination. (A) Delta DAS28 for patients with inflammatory
arthritis during the 42-day study period. (B) Delta patients global
assessment in patients with CID from baseline to day 42. Disease
activity was assessed before the first and the second immunisation and
7 days after each vaccination. Each symbol represents one patient. CID,
chronic inflammatory disease; DAS28, disease activity score 28.

o

controls. These observations may indicate stronger immune reac-
tions in healthy individuals. Such a difference may be due to the
younger age of the healthy controls compared with the patients
with CID. However, even older controls displayed fever, which
was not present in patients. It is also possible that the medication
taken by patients with CID is affecting the incidence of systemic
side effects.

We are aware that the analysed cohort is small and that our
results may be attributable to patient selection. Also, further
research is needed to investigate if the differences we observed
effect the long-term protection offered by vaccines.

Our data demonstrate for the first time that patients with a
selection of immunosuppressive therapies for CID are able to
mount an effective immune response after SARS-CoV-2 mRNA
vaccination without significant side effects or flares. Thus, we
strongly recommend continued vaccination of immunosup-
pressed patients. However, anti-SARS-CoV-2 antibodies should
be monitored in immunosuppressed patients after vaccination,
as currently we cannot be certain of antibody titre persistence.
The possibility remains that immunosuppressed patients will
need a booster (comparable with hepatitis B vaccination) if their
antibody titres diminish more rapidly than healthy individuals.
Continued monitoring of vulnerable patient groups will be crit-
ical in the successful long-term vaccination against SARS-CoV-2.
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