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A B S T R A C T   

Autoimmune systemic diseases (ASD) show impaired immunogenicity to COVID-19 vaccines. Our prospective 
observational multicenter study aimed at evaluating the seroconversion elicited by COVID-19 vaccine over the 
entire vaccination cycle including the booster dose. 
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Rheumatoid arthritis 
Systemic lupus 
Cryoglobulinemic vasculitis 
Systemic vasculitis 
Booster vaccine 

Among 478 unselected ASD patients originally evaluated at the end of the first vaccination cycle (time 1), 344 
individuals were re-evaluated after a 6-month period (time 2), and 244 after the booster vaccine dose (time 3). 
The immunogenicity of mRNA COVID-19 vaccines (BNT162b2 and mRNA-1273) was assessed by measuring 
serum IgG-neutralizing antibody (NAb) on samples obtained at the three time points in both patients and 502 
age-matched controls. 

In the 244 ASD group that received booster vaccine and monitored over the entire follow-up, the mean serum 
NAb levels (time 1, 2, and 3: 696.8 ± 52.68, 370.8 ± 41.92, and 1527 ± 74.16SD BAU/mL, respectively; p <
0.0001) were constantly lower compared to controls (p < 0.0001), but they significantly increased after the 
booster dose compared to the first two measurements (p < 0.0001). The percentage of patients with absent/ 
suboptimal response to vaccine significantly decreased after the booster dose compared to the first and second 
evaluations (time 1, 2, and 3: from 28.2% to 46.3%, and to 7.8%, respectively; p < 0.0001). Of note, the per-
centage of patients with absent/suboptimal response after the booster dose was significantly higher compared to 
controls (19/244, 7.8% vs 1/502, 0.2%; p < 0.0001). Similarly, treatment with immune-modifiers increased the 
percentage of patients exhibiting absent/suboptimal response (16/122, 13.1% vs 3/122, 2.46%; p = 0.0031). 
Overall, the above findings indicate the usefulness of booster vaccine administration in ASD patients. Moreover, 
the persistence of a significantly higher percentage of individuals without effective seroconversion (7.8%), even 
after the booster dose, warrants for careful monitoring of NAb levels in all ASD patients to identify those with 
increased risk of infection. In this particularly frail patients’ setting, tailored vaccination and/or therapeutic 
strategy are highly advisable.   

1. Introduction 

Patients with autoimmune systemic diseases (ASDs) show increased 
susceptibility to COVID-19 compared to the general population, possibly 
due to immune system alterations and/or ongoing treatment with 
immune-suppressants [1–5]. In addition, ASD patients with older age 
and/or pre-existing ASD-related interstitial lung involvement have more 
severe symptomology, leading to increased need for hospitalization and 
COVID-19-related death rates [2,6–8]. At the beginning of the 
pandemic, the stringent lockdown measures and the broad use of tele-
medicine limited the risk of developing COVID-19 in several disease 

settings, including the ASD population. Since the early 2021, the course 
of the pandemic was dramatically changed by the mass vaccination 
campaign. Importantly, the frail patients’ populations, such as ASD 
patients, were prioritized in several countries, including Italy (https:// 
www.trovanorme.salute.gov.it/norme/renderPdf.spring?seriegu 
=SG&datagu=24/03/2021&redaz=21A01802&artp=1&art=1&subart 
=1&subart1=10&vers=1&prog=002) [9]. Overall, COVID-19 vaccines 
in ASD patients revealed good safety profile and immunogenicity 
[10–13], with some limitations in patient receiving immune-modifier 
therapy, mainly rituximab (RTX), high glucocorticoid dosages, in the 
elderly and in particular ASD subsets [11–14]. In February 2021, the 

Fig. 1. Flow-chart reporting the number of pa-
tients investigated for COVID-19 immunogenicity 
at different time-points. 
Figure 1 legend: At the beginning, a series of 478 ASD 
patients were analyzed as regards the humoral 
immunogenicity of COVID-19 vaccine [15]; over one 
quarter (27.9%) of individuals developed valuable 
levels of serum NAb within the first month after the 
vaccination cycle (first step). During the present study 
(second step), we evaluated the NAb titers in 344 ASD 
patients after the first 6-month follow-up period; a 
marked increase of the absent/suboptimal responder 
rate (from 27.9% to 41.85%) was recorded. Succes-
sively, the booster dose of vaccine was administered 
to 244 ASD patients leading to a significant reduction 
of the impaired seroconversion rate.   
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COVID-19 & Italian ASD Study Group organized a prospective multi-
center observational study aimed at evaluating the safety and efficacy (i. 
e., the ability to prevent symptomatic SARS-CoV-2 infection) of 
COVID-19 vaccines, as well as the possible negative effects of 
immune-suppressants on vaccine immunogenicity in ASD patients. The 
first vaccination cycle showed good safety profile in the ASD population. 
However, serum levels of IgG-neutralizing antibodies (NAb) were lower 
in the whole ASD series compared to the general population [15]. This 
percentage was particularly elevated in patients with ASD-related 
interstitial lung disease, as well as in those undergoing immunomodi-
fier drugs, i.e. glucocorticoids, mycophenolate-mofetil (MMF), and/or 
RTX. Therefore, we identified three main subgroups of ASD patients: (1) 
responders; (2) sub-optimal responders, and (3) non-responders. The 
latter two subgroups should be prioritized for the administration of a 
booster dose of vaccine or a different type of vaccine [15]. Here we 
report results concerning the vaccine immunogenicity in ASD patients 
after completion of the vaccination cycle including the booster dose. 

2. Patients and methods 

Our prospective, observational study evaluated the immunogenicity 
and safety of COVID-19 vaccines, as well as the possible role of ongoing 
immune-modifier treatments in a series of well-defined ASD population, 
collecting data from 21 Italian referral centers. In a previous report, we 
analyzed the vaccine immunogenicity in 478 ASD patients during the 
first 2–4 weeks after the first cycle of vaccination [15]. Here, we 
examined 244 patients who received the vaccine booster by detecting 
serum NAb before (time 2) and after (time 3) the booster dose admin-
istered after at least 6 months from the first vaccination cycle (Fig. 1). 
This subgroup included responders (n = 175), non-responders (n = 33), 
or with suboptimal response to COVID-19 vaccine at time 1 (n = 36; 
Fig. 1). 

The disease composition of the 244 ASD patients (M: 16.8%, 62 ± 14 
years) was comparable to that of the initial ASD series (Table 1) and 
included: 48 seropositive rheumatoid arthritis (RA), 16 systemic lupus 
erythematosus (SLE), 155 systemic sclerosis (SSc), 21 cryoglobulinemic 

vasculitis (CV), and 4 patients with other forms of systemic vasculitis. In 
all cases, disease definition and clinical assessment were performed 
according to the updated classification criteria and current methodolo-
gies [16]. 

The study protocol included the collection of patients’ data at the 
peri-vaccination as previously described [15]; in particular, it includes 
the patients’ clinical/epidemiological and therapeutic features, types of 
vaccine administered, adverse events and/or disease flares triggered by 
the vaccine injection. In addition, the peri-vaccination administration of 
immune-modifier medications followed the recommendations of the 
Italian Society of Rheumatology (https://www.reumatologia.it/vacc 
inazioni), considering the disease activity and major comorbidities of 
the single patient. Individuals with a history of allergic reactions to 
vaccinations, recent SARS-CoV-2 infection, and/or pregnancy were 
excluded by the study. 

The immunogenicity of COVID-19 vaccines was evaluated by 
measuring the titer of NAb against SARS-CoV-2 trimeric spike S1/S2 
glycoproteins on serum samples obtained within 2–4 weeks and 6 
months after completion of the first vaccination cycle, and after the 
booster vaccine dose. The NAb levels were measured by means of SARS- 
CoV-2 IgG II Quant antibody test kit (Abbott Laboratories, Chicago, IL). 
As recommended by the World Health Organization (WHO), antibody 
titers are expressed as Binding Antibody Units (BAU)/ml, with a cut-off 
for positive testing of 7 BAU/ml. A serum titer of NAb 10× normal upper 
limit (≤70 BAU/ml) was classified as suboptimal response. 

The study was performed in accordance with the principles of the 
Declaration of Helsinki, and it was approved by the Ethic Committee 
“Area Vasta Centro”, Florence, Italy (RETRO-CoV2 study code 
#17886_bio); all patients gave their informed consent before 
participation. 

A series of 502 subjects (M: 27%, mean age 59 ± 14SD years) from 
the general population was used as the control group. As an additional 
exclusion criterion, individuals with a past diagnosis of any ASD and/or 
a past exposure for any reason to immunosuppressive therapies were 
also excluded from the control group. 

COVID-19 vaccine was administered to both patients and controls by 

Table 1 
Serum anti-SARS-CoV-2 IgG neutralizing antibodies (NAb) in Autoimmune Systemic Diseases (ASD).at different time points.   

Pts no. After vaccination (A) After 6 months (B) After booster (C) P 

Diseases NAb titer BAU/mL, mean (SEM) NAb titer BAU/mL, mean (SEM) NAb titer BAU/mL, mean (SEM) 

RA 48 334,8 (±98,92) 194,0 (±61,04) 1444 (±136,9) A vs B ns 
B vs C < 0.0001 
A vs C < 0.0001 

SLE 16 570,3 (±172,8) 146,2 (±70,94) 1785 (±255,7) A vs B < 0.05 
B vs C < 0.0001 
A vs C < 0.0001 

SSc 153 812,7 (±65,11) 479,8 (±59,95) 1528 (±99,28) A vs B < 0.0001 
B vs C < 0.0001 
A vs C < 0.0001 

CV 21 783,8 (±236,8) 97,54 (±29,21) 1442 (±241) A vs B < 0.05 
B vs C < 0.05 
A vs C < 0.0001 

Other Vasculitis 4 193,6 (±65,93) 676,6 (±607,9) 1349 (±406,3) A vs B ns 
B vs C ns 
A vs C ns 

ASD total* 244 696,8 (±52,68) 370,8 (±41,92) 1527 (±74,16) A vs B < 0.0001 
B vs C < 0.0001 
A vs C < 0.0001 

Controls 502 1138 (±46,93) 643.9 (±26.84) 2470 (±10.74) A vs B < 0.0001 
B vs C < 0.0001 
A vs C < 0.0001   

Compared to Controls: Compared to Controls: Compared to Controls:    
ASD (p. <0.0001) ASD (p. <0.0001) ASD (p. <0.0001)    
RA (p. <0.0001); SLE (p. 0,0023) RA (p. <0,0001); SLE (p. <0,0001) RA (p. <0,0001); SLE (p. <0,0001)    
SSc (p. <0,0001); CV (p. 0,0028) SSc (p. <0,0001); CV (p. <0,0001) SSc (p. <0,0001); CV (p. <0,0001)  

RA: rheumatoid arthritis, SLE: systemic lupus erythematosus, SSc: systemic sclerosis, CV: cryoglobulinemic vasculitis. 
A, B, and C: time 1, 2, and 3, respectively (see text). 
*The group of 244 ASD patients who received either the first cycle and the booster dose of COVID-19 vaccine. 
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intramuscular injection in the deltoid muscle according to the manu-
facturer indications and Italian national guidelines; the BNT162b2 and 
mRNA-1273 vaccines were administered in 93.7% and 6.3% ASD pa-
tients, respectively, as well as in comparable percentages of control 
individuals. 

2.1. Statistical analysis 

Data are expressed as mean ± standard error of mean (SEM), or 
number (percentage) as appropriate. The Student’s T test (Mann-Whit-
ney for paired samples or Wilcoxon test for unpaired samples) was used 
for comparing means of continuous variables between two groups. 
Fisher’s exact test was used to compare categorical variables between 
two groups. All tests were two tailed and a p value < 0.05 was consid-
ered significant. Analyses were performed using the GraphPad Software 
v 9. 

3. Results 

Table 1 reports the time course of serum NAb levels detected within 
2–4 weeks after the first vaccination cycle (time 1), after six-month in-
terval (time 2), and within 2–4 weeks following the booster dose 
administration (time 3). Significantly lower levels of NAb were observed 
in the whole patients’ series and in the single ASD subgroups at both 
time 1 and time 2, when compared to the control group (Table 1). The 
booster dose of vaccine produced a significant increase of NAb levels 
even compared to the first measurements; however, the difference with 
the control group remained statistically significant (patients 1527 ±
74.16 SEM BAU/mL vs controls 2470 ± 10.74SEM BAU/mL; p <
0.0001). Moreover, the cumulative percentage of ASD patients with 
absent or suboptimal response raised from 28.27% (69/244) of time 
1–46.31% (113/244); p < 0.0001, OR 2.18 (CI: 1.49–3.18)) of time 2; 
while, the booster dose decreased the percentage of patients with defi-
cient seroconversion (from 46.31% to 7.8%, p < 0.0001 OR 0.09 (CI: 
0.05–0.16). However, the percentage of ASD patients with absent/sub-
optimal response to booster dose remained significantly higher when 

compared with the control subjects (19/244, 7.8% vs 1/502, 0.2%; p <
0.0001 OR 0.02 (CI: 0.003–0.13). 

Demographic, clinical and treatment information on the 19 ASD 
patients with no response (n = 9) or suboptimal response (n = 10) to 
booster dose of COVID-19 vaccine is summarized in Table 2; over half of 
these individuals were affected by SSc (n = 9), followed by RA (n = 5), 
CV (n = 4), and SLE (n = 1). 

Moreover, all the non-responders (9/9) to booster COVID-19 vaccine 
were treated with immunomodifier drugs, including high dose cortico-
steroids, as well as 7/10 (70%) of those with sub-optimal response 
(Table 2). 

Fig. 2 summarizes the main clinical features of the 244 ASD patients 
after the booster dose of COVID-19 vaccine in the whole series and in 
each disease subgroup: Serum NAb titers (Fig. 2, panel A), percentages 
of no response (Fig. 2, panels B), percentages of no response or subop-
timal response (Fig. 2, panels C), and the relationship between the 
seroconversion and the ongoing immunomodulating treatments (Fig. 2, 
panel D). In this respect, the cumulative number of patients with absent/ 
suboptimal response was significantly higher in subjects undergoing 
immune-modifiers (16/122, 13.1% vs 3/122, 2.46% p = 0.0031; Fig. 2, 
panel D). 

The trend of serum NAb titer during the whole vaccination cycle was 
quite unpredictable in ASD patients. Fig. 3 describes some representa-
tive examples: Panel A: a 22 year-old woman affected by severe SLE- 
glomerulonephritis on MMF therapy showed delayed seroconversion 
especially after the booster dose. Panel B: a 44 year-old woman affected 
by diffuse cutaneous SSc complicated by interstitial lung involvement 
undergoing long-term MMF (2.000 mg/day). Serum NAb were absent 
after the first 2 determinations (within the first 4 weeks after the initial 
vaccination and 6 months later), while strong seroconversion occurred 
after the booster dose of vaccine (BNT162b2). This late response might 
be correlated with a previous RTX treatment administered before the 
first vaccination cycle. Panel C: a 53 year-old woman following long- 
lasting treatment with anti-TNFα monoclonal antibody developed high 
NAb levels only after the administration of a booster dose of vaccine. 
Panel D: a 22-year-old woman with SLE treated with belimumab, 

Table 2 
ASD patients with absent or suboptimal seroconversion after booster administration of COVID-19 vaccine.  

ASD Patients NAb anti-COVID-19  

Sex/ serum titer after 

no. Age Diagnosis Main Symptoms◦ Treatments* COVID-19 vaccine 6 months Booster dose 
Non response 
1 F/57 SSc dcSSc, SU MMF, low dose CS nr nr nr 
2 F/57 SSc dcSSc, arthritis MTX, ABA, low dose CS nr nr nr 
3 F/52 SSc dcSSc, overlapping SLE RTX, low dose CS nr nr nr 
4 F/43 SSc dcSSc, ILD, SU MMF, RTX, low dose CS nr nr nr 
5 F/52 SSc lcSSc, overlapping SLE MMF nr nr nr 
6 M/83 CV SU, purpura, peripheral neuropathy high dose CS nr nr nr 
7 F/78 CV SU, purpura, peripheral neuropathy, hyperviscosity s. RTX nr nr nr 
8 F/72 CV purpura, B-NHL Chemiotherapy nr nr nr 
9 M/75 RA polyarthritis MTX, low dose CS nr nr nr 
Suboptimal response 
10 M/60 RA polyarthritis MTX sub sub sub 
11 F/45 RA overlapping SLE RTX, HCQ, low dose CS nr nr sub 
12 M/73 RA polyarthritis, ILD HCQ, low dose CS sub 286.5 sub 
13 F/74 RA polyarthritis, ILD JAK, low dose CS nr nr sub 
14 F/22 SLE polyarthritis, thyroiditis BEL, CyA, HCQ, low dose CS 115.4 nr sub 
15 F/86 SSc lcSSc, ILD, K low dose CS sub nr sub 
16 F/71 SSc lcSSc HCQ 140.2 sub sub 
17 F/56 SSc dcSSc, ILD MMF 768 sub sub 
18 F/54 SSc lcSSc MMF, RTX** 675,7 nr sub 
19 M/75 CV purpura, SU RTX, low dose CS nr nr sub 

ASD: autoimmune systemic diseases; COVID-19: coronavirus disease 2019; RA: rheumatoid arthritis; SSc: systemic sclerosis; SLE: systemic lupus erythematosus; CV: 
cryoglobulinemic vasculitis; lcSSc: limited cutaneous SSc; dcSSc: diffuse cutaneous SSc; SU: skin ulcers; ILD: interstitial lung disease; NAb: neutralizing antibodies; titre 
of NAb: BAU/mL; nr: non response (<7 BAU/mL); sub: suboptimal response (<70 BAU/mL) to COVID-19 vaccine. *treatments within the last 6 months and during the 
vaccination cycle: MTX: methotrexate; RTX: rituximab; MMF: mycophenolate mofetyl; ABA: abatacept; JAK: Janus kinase inhibitors; BEL: belimumab; CyA: cyclo-
sporin A; TNF: anti-TNF-alpha inhibitors; HCQ: hydroxychloroquine; CS: corticosteroids; **RTX cycle administered after the first 2 doses of vaccine; nr: non-responder; 
sub: sub-optimal responder. 
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hydroxychloroquine, cyclosporin A, and low-dose corticosteroids 
developed low NAb levels after the first vaccination cycle, followed by a 
complete absence of seroconversion after the booster dose of vaccine. 

The percentage of ASD patients reporting one or more side effects 
within four weeks after booster administration was 40% (97/244); the 
side effects were usually mild and transitory. Remarkably, ASD reac-
tivation following the booster shot was observed in only 2% (5/244) of 
cases although the events were invariably self-limiting. 

4. Discussion 

The present study analyzed prospectively the immunogenicity effects 
of the entire anti-SARS-CoV-2 vaccination cycle in a series of frail pa-
tients with well-defined ASDs. The seroconversion induced by multiple 
doses of COVID-19 vaccine was evaluated after the first vaccination, 
after 6 months, and after the booster dose administration. Following the 
initial demonstration of impaired immunogenicity induced by the first 
vaccination cycle [15], the present study highlights a dramatic drop in 
serum NAb levels at 6 months along with the positive peak triggered by 
the booster dose of vaccine. Nevertheless, NAb titers remained on 
average lower compared to the general population even after the booster 
vaccine, while a relevant proportion of patients showed absent or 

suboptimal response. In many patients this deficiency could be, at least 
in part, attributable to the ongoing immune-modifier treatments, which 
have been correlated with an impaired immunogenicity towards vacci-
nation [10–13,17–19]. 

Few studies regarding the effects of the third dose in ASD subjects are 
available in the literature [20–26]. In addition, the comparison between 
our results and previous reports is quite difficult because of several 
differences regarding the size and disease composition of the patients’ 
series, the timing of the NAb dosages, and the concomitant treatments 
[20–26]. 

The widest analysis so far performed is an Israeli national cohort 
study on 127,928 ASD patients reporting that people receiving mRNA 
COVID-19 vaccine and, particularly, the booster dose, had a better 
COVID-19 outcome. This finding might indirectly suggest an effective 
vaccine-driven immune protection [27]. 

A number of reports, generally on small patients series, often 
focusing on single autoimmune disorders, underlined effective sero-
conversion produced by the booster dose of vaccine [20,21,24–26], as 
well as the weak response to the booster vaccine in ASD patients pre-
viously treated with RTX or MMF [21,22,24–26]. 

Of note, the percentage of non-responders or suboptimal-responders 
ASD patients who experienced an increase of serum NAb titers after the 

Fig. 2. Booster dose immunogenicity in the 244 ASD patients compared to healthy controls. 
Figure 2 legend: The figure focuses on the immunogenicity elicited by the booster dose of COVID-19 vaccine the main clinical features of the 244 ASD patients after 
the booster dose of COVID-19 vaccine. The serum levels of NAb are shown in the panel A, while panels B & C report the non-responder/suboptimal responder rates in 
the whole series and in each disease subgroups. Finally, the relationship of vaccine-related immunogenicity is correlated with the immunomodulating treatments in 
panel D. ASD patients showed significantly lower NAb titers compared to control group (ASD = 1527(±74.16) BAU/ml vs Controls = 2470(±10.74) BAU/ml p <
0.0001, panel A), as well the single ASD subgroups (RA = 1444(±136.9) BAU/ml, SLE = 1785(±255.7) BAU/ml, SSc = 1528(±99.28) BAU/ml, CV = 1442(±241) 
BAU/ml; always <0.0001). Similar findings was observed for the percentage of both non-responders (panel B) and sub-optimal responders (panel C). The cumulative 
number of patients with absent/suboptimal response was significantly higher in subjects treated with immune-modifiers compared to those without (panel D) (16/ 
122(13.1%) and 3/122(2.46%) p = 0.0031). RA: rheumatoid arthritis, SLE: systemic lupus erythematosus, SSc: systemic sclerosis, CV: cryoglobulinemic vasculitis; IS: 
immuno-suppressors. 
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booster dose is extremely variable in the previous reports (from 16.3% 
to 92%) [20–26]. Thus, it is possible to hypothesize that the reported 
discrepancies in the improvement of booster-related immunogenicity 
may reflect a variable contribution of several factors; in particular, the 
differences among various patients’ series investigated in ASD subtype 
composition and/or in the treatments employed in the peri-vaccination 
period. 

In our long-term observational study, absent/suboptimal production 
of NAb observed in over 1/4 ASD patients was already recorded soon 
after the first vaccine cycle. Such weak response further worsened at the 
end of the first 6-month period, followed by a robust recovery of 
immunogenicity after the booster dose of vaccine. The residual per-
centage (7.8%) of ASD patients with persistent absent/suboptimal pro-
duction of NAb remains significantly higher than that observed in 
controls (0.2%). Therefore, ASD represents a harmful condition in the 

clinical practice, especially if neglected in individual patients. 
The immune system derangement underlying ASD might explain 

only in part the weak/absent response to the booster vaccine; an 
increasing number of clinical investigations including the present ob-
servations pointed out the role of ongoing immune-modulating treat-
ments on both T- and B-cell response to vaccine. In this respect, a wide 
panel of conventional (methotrexate, leflunomide, azathioprine, sulfa-
salazine, hydroxychloroquine, and high-dose corticosteroids) and bio-
logical disease-modifying anti-rheumatic drugs (inhibitors of TNFα, IL1, 
IL6, Janus-kinases, T- and B lymphocytes such as abatacept, rituximab, 
and belimumab) may more or less markedly weaken the immune 
response to vaccine antigens. An individualized therapeutic peri- 
vaccination strategy for ASD patients should improve the overall vac-
cine immunogenicity, by, for example, tapering/discontinuing or 
changing the immunomodulating drug. The role of RTX in blunting the 

Fig. 3. Immunogenicity of booster dose of COVID-19 vaccine in individual ASD patients. 
Figure 3 legend: The immunogenicity to COVID-19 vaccines is largely variable and often unpredictable among ASD patients. It may be influenced by the single 
patient’s conditions, namely the genetically-driven immune-system reactivity, older age, type of ASD, presence of comorbidities, and mostly by recent/ongoing 
immunomodifier treatments. The figure shows the response to first COVID-19 vaccination and to booster dose observed in different types of ASD. Panel A: a 22-year- 
old woman affected by systemic lupus erythematosus (SLE) with complicating severe glomerulonephritis treated since 2019 with mycophenolate mofetil (2 g/day) 
who developed a mild, delayed response after the first 2 doses of COVID-19 vaccine (BNT162b2), followed by a robust NAb production with the administration of a 
booster dose of the same vaccine. Panel B: a 44-year-old woman affected by diffuse cutaneous systemic sclerosis (SSc) complicated by interstitial lung involvement, 
undergoing long-term mycophenolate mofetil (2 g/day). The patients revealed as non-responder at the first 2 determination of serum NAb (within the first 4 weeks 
after the initial vaccination cycle and 6 months later), while a clear-cut seroconversion was recorded after the booster dose of vaccine (BNT162b2). This late response 
might be correlated with the previous cycle of rituximab treatment (10 months before the first vaccination). Panel C: a 53-year-old woman affected by rheumatoid 
arthritis (RA) undergoing long-term anti-TNFα treatment (Adalimumab). As observed in the patient described in panel B, the booster dose of COVID-19 vaccine 
(BNT162b2) was able to induce a valid seroconversion. Panel D: a 22-year-old woman affected by systemic lupus erythematosus (SLE) was undergoing long-term 
combined therapy with Belimumab, cyclosporin A, and hydroxychloroquine; the follow-up of serum NAb titers revealed a persistent inadequate response to COVID- 
19 vaccine (BNT162b2), including the booster dose administration. Timing 1: after the first 4 weeks from initial vaccination cycle; 2: after six-month follow-up; 3: 
within the first 4 weeks after booster dose. 
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humoral response to vaccines for long-lasting period is documented, 
even when administered beyond the 6-month interval prior the vacci-
nation [5,17,18,28]. The putative role of low-dose glucocorticoids [11, 
13], methotrexate [11–13,29,30], and abatacept [13] on COVID-19 
vaccine immunogenicity remains still controversial. Other drugs, such 
as belimumab or cyclosporin A, seem to do not interfere with antibody 
responses [30], even if our observation of the 22-year-old women 
affected by SLE might suggest a contribution of these drugs in the 
impaired seroconversion also after the booster vaccine. 

Therefore, the awareness of both disease-related and iatrogenic risk 
factors may drive the patients’ management, though the inadequate 
response to booster vaccine remains quite unpredictable in the single 
patient as suggested by our detailed analysis of some patients with 
inadequate seroconversion during the vaccination cycle. As a conse-
quence, it may be crucial to early identify individuals with absent/ 
suboptimal seroconversion who are at high risk to be infected and to 
develop severe COVID-19. The latter event is more frequently noticed in 
older ASD patients with disease-related complications such as interstitial 
lung involvement [6,8] and/or with major comorbidities [31]. 

The management of ASD patients during the ongoing pandemic 
should include a careful monitoring of serum NAb levels since the first 
dose of vaccine administration. Some preliminary observations sug-
gested that the blunted humoral immune response to vaccines, mostly 
caused by iatrogenic factors, may be counterbalanced by a preserved T- 
cell response [32]. The introduction in the routine practice of recently 
developed procedures evaluating the T-cell response [33] may usefully 
integrate the serum NAb detection in the assessment of the whole 
immunogenicity elicited by COVID-19 vaccines. 

5. Conclusion 

Based on present and other recent reports on the effect of the vaccine 
booster dose we may suggest the following provisional measures:  

• serum levels of NAb should be evaluated in all ASD patients within 
the first 4 weeks after both the first vaccination and the booster dose 
(s); the patients might be classified as full responders, suboptimal 
responders, or non-responders;  

• T-cell response to COVID-19 vaccine should be evaluated in patients 
with absent/suboptimal NAb production persisting after the booster 
dose;  

• in patients with deficient response to COVID-19 vaccine a tight 
control of the ASD is highly advisable; it should include the moni-
toring of disease activity and the adjustment of treatment such as 
tapering/discontinuation or delayed therapeutic sessions;  

• finally, in individual patients without seroconversion after booster 
vaccine, especially in the presence of risk factors for severe COVID- 
19 (older age, active disease, disease-related interstitial lung 
involvement, and/or major comorbidities), the administration of a 
different type of booster vaccine, as well as preemptive treatments 
with monoclonal anti-SARS-CoV-2 antibodies and/or novel antiviral 
drugs should be carefully considered [34–37]. 
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Humoral and cellular responses to mRNA vaccines against SARS-CoV-2 in patients 
with a history of CD20 B-cell-depleting therapy (RituxiVac): an investigator- 
initiated, single-centre, open-label study, Lancet Rheumatol (2021) e789–e797. 

[20] T. Assawasaksakul, S. Sathitratanacheewin, P. Vichaiwattana, N. Wanlapakorn, 
Y. Poovorawan, W. Kittanamongkolchai, Immunogenicity, Safety and 
Reactogenicity of a Heterogeneous Booster Following the CoronaVac Inactivated 
SARS-CoV-2 Vaccine in Patients with SLE: a Case Series, vol. 7, RMD Open, 2021. 

[21] I. Jyssum, H. Kared, T.T. Tran, A.T. Tveter, S.A. Provan, J. Sexton, et al., Humoral 
and cellular immune responses to two and three doses of SARS-CoV-2 vaccines in 
rituximab-treated patients with rheumatoid arthritis: a prospective, cohort study, 
Lancet Rheumatol 4 (2022) e177–e187. 
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