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B Cell Reconstitution is Associated With COVID-19 Booster

Vaccine Responsiveness in Patients Previously Seronegative

Treated With Rituximab

Kaitlin Schultz! @2, Deanna Jannat-Khah?

, and Robert Spiera®

ABSTRACT. Objective. To assess factors associated with serologic response to the coronavirus 2019 (COVID-19) booster

vaccine in patients with autoimmune rheumatic diseases treated with ricuximab (RTX) who were previously
serologically unresponsive to the initial vaccine series.

Methods. A retrospective chart review of patients treated with RTX who failed to demonstrate a serologic
response to the first SARS-CoV-2 vaccination series and subsequently received an mRNA vaccine booster
was performed. Serologic response > 4 weeks after the booster was the primary outcome. Fisher exact tests,
¢ tests, and Wilcoxon rank-sum tests were used for comparisons.

Results. In 31 patients who were previously seronegative, 68% seroconverted following a booster of
the COVID-19 vaccine. B cell reconstitution was significantly different between those with positive
(median 1.79, IQR 0.65-3.00) and negative (median 0, IQR 0-0) serologic responses to the booster. The
days from last RTX dose were also statistically different among seroconverters (median 301, IQR 251-368)
vs nonseroconverters (median 188, IQR 169-245). Demographic characteristics were not associated with
serologic positivity. Positive predictive value of B cell presence was 90.9% (95% CI 70.8-98.9) and negative
predictive value was 100% (95% CI 59-100) for serologic response to the mRNA booster vaccine. Positive
predictive value of time > 6 months from last RT'X dose to booster was 78.3% (95% CI 56.3-92.5) and the
negative predictive value was 62.5% (95% CI 24.5-91.5).

Conclusion. Detectable B cells and longer time from last RTX exposure were associated with the develop-
ment of anti-SARS-CoV-2 spike protein antibodies following the booster vaccine. These findings should be

considered in timing boosters in patients treated with RTX.
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Vaccination has emerged as a cornerstone of protection against
severe outcomes of SARS-CoV-2 infection, which is relevant
to patients with autoimmune rheumatic diseases (AIRDs).
Compromised serologic response to COVID-19 vaccines has
been demonstrated in patients treated with immunosuppres-
sive therapies, including rituximab (RTX).! Current guidelines
for vaccination in patients treated with B cell depleting agents
offer inconsistent recommendations. The American College of
Rheumatology (ACR) guidelines suggest inoculating patients
4 weceks prior to subsequent dosing of RTX.? Although time
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from last RTX dose is not specified, the interval between
RTX doses is commonly 6 months for remission maintenance
in rheumatoid arthritis (RA) and antineutrophil cytoplasmic
antibody-associated vasculitis (AAV). However, the European
Alliance of Associations for Rheumatology and the Canadian
Rheumatology Association do not discuss timing nor B cell
reconstitution.> Several studies have suggested that B cell recon-
stitution after RTX treatment is associated with a greater likeli-
hood of positive serologic response to the initial vaccine series.”®
ACR guidelines mention consideration of B cell reconstitu-
tion for vaccine administration in patients treated with RTX,
although no formal recommendation was suggested.”
Administration of additional doses of the COVID-19
vaccine has emerged as a strategy for continued protection
against SARS-CoV-2.” This strategy has proven to be safe in
patients treated with RTX, but often has not resulted in serocon-
version in patients who were seronegative following the initial
vaccine series.'” Moreover, there is a paucity of data regarding
factors associated with successful seroconversion following a
booster dose in patients treated with RTX. In the observational
studies specifically on patients with AIRD treated with RTX
reported to date, anywhere from 0% to 47% of patients that were
previously seronegative were able to develop antibodies after the
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booster.!”*® The study that achieved a seroconversion rate of
47% only included 15 patients."! In 3 of these studies, a positive
association was found between exhibiting a positive CD19%
and vaccine response.!*? The other studies cither did not assess
B cell reconstitution or were limited by small numbers (< 10)
of patients who seroconverted.'**!® To better understand the
relationship between the third dose of the mRNA COVID-19
vaccine with seroconversion among patients treated with RTX,
we retrospectively assessed factors associated with COVID-19
vaccine response in 31 patients with AIRD treated with RTX
who had not demonstrated a serologic response to their initial
COVID-19 vaccine series.

METHODS

A retrospective chart review of 31 adult patients who were inoculated
with a booster of an mRNA COVID-19 vaccine (Pfizer of Moderna) was
performed. All 31 patients had a clinic visit between February 24,2021, and
November 17, 2021, at 1 rheumatology practice. Patients did not provide
written consent as this was a retrospective review. Patients treated with
RTX were included if they were seronegative following the first series of the
COVID-19 vaccine as measured by cither the Elecsys Anti-SARS-CoV-2
(Roche) or Healthineers SARS-CoV-2 Total Assay Atellica IM (Siemens)
and subsequently received a booster dose. Following standard practice in the
United States, we defined the first 2 doses of the COVID-19 vaccine as the
initial series and the third dose of the vaccine as the booster. Our cohort
included 3 patients treated with RTX between their second and third dose
of the COVID-19 vaccine. All other patients had their last infusion prior
to their first vaccine dose. There was no specific RTX scheme used in the
study as all patients were being treated according to standard care. Patients
that experienced a known prior COVID-19 infection were excluded. The
Hospital for Special Surgery Institutional Review Board approved the study
(IRB #2021-0480).

The primary outcome was serologic response to the COVID-19 spike
protein evaluated using cither Roche (n = 26; specificity 99.8%, sensitivity
99.5%) or Siemens (n = 5; specificity 99.82%, sensitivity 100%) measured at
> 4 weeks after the booster was administered. The patient was deemed sero-
positive according to the normal ranges for each specific assay. The threshold
used was > 0.4 U/mL on the Roche assay and > 1 U/mL on the Siemens
assay. CD19 positive cell percentage taken near the date of the booster was
used to define B cell reconstitution. Other data collected included patients’
demographics, diagnoses, date, and type of all vaccines, date of their last
RTX dose, Ig levels, absolute lymphocyte levels, and concomitant anti-
rheumatic therapy.

Descriptive statistics were calculated, and comparisons were assessed by
# test, Fisher exact test, and Wilcoxon rank-sum test. Box and whisker plots
were created to display differences between the time from the last RT X infu-
sion to booster dose and the percentage of B cell reconstitution between
patients who were seropositive and seronegative. Positive and negative
predictive values were calculated to assess serologic response and the status
of B cell reconstitution and serologic response and the time from the last
RTX dose to booster dose. Stata version 14.0 (StatCorp) was used and an o
0f 0.05 defined statistical significance.

RESULTS

Thirty-one patients treated with RTX were included. Seventy-four
percent of patients (n = 23) were female, with a median age of
61.5 (SD 16.7; Table). The majority of patients were White
(87%, n = 27) and were being treated for granulomatosis with
polyangiitis (45%, n = 14). No demographic characteristics
were found to be significantly different between patients who

were seropositive and seronegative (Table). Corticosteroids
(16%, n = 5) were the most prevalent concomitant medica-
tion and neither corticosteroid nor other immunosuppressant
use differed in those who seroconverted vs those who did not
(P > 0.99). There was a slight difference between serocon-
verters (median 750, IQR 500-1000) and nonseroconverters
(median 1000, IQR 1000-1000) for the most recent RTX
dose; however, it was not statistically significant (P = 0.08). The
median for the number of days from the last dose of primary
immunization to the third vaccine was 155 (IQR 147-194)
for patients who were seronegative and 157 (IQR 138-186)
for patients who were seropositive. This difference was also not
statistically significant (P = 0.66; data not shown).

Absolute lymphocyte levels were not statistically different
between vaccine responders and nonresponders (P = 0.21;
Table). IgG levels were lower in patients without a sero-
logic response than in those who did seroconvert (689 mg/
dL, IQR 651-757 vs 928 mg/dL, IQR 735-1001; P = 0.02).
Twenty-three patients had their B cells measured prior to their
booster. Of the remaining 8 patients, 6 patients had their B cells
measured at the time of antibody measurement. Three of these
patients had a CD19% of 0 and it was assumed that they were B
cell-depleted when the booster was administered as they had not
received treatment with any B cell-depleting agent between the
time of their booster dose and that measurement. A sensitivity
analysis was done excluding the remaining 3 patients and no
statistically significant differences were found (Supplementary
Table S1, available from the authors upon request).

Presence of detectable B cells was associated with a positive
vaccine response (Figure 1). Ninety-one percent (20/22) of
patients with detectable B cells demonstrated a positive sero-
logic response, whereas 0% (0/7) without detectable B cells
demonstrated a positive vaccine response (P < 0.001; Table). The
positive predictive value of B cell reconstitution for COVID-19
serologic response was 90.9% (95% CI70.8-98.9) and the nega-
tive predictive value was 100% (95% CI 59-100).

Time from last RTX dose was different between serocon-
verters (median days 301, IQR 251-368) vs nonseroconverters
(median days 188, IQR 169-245; P = 0.03; Table). In patients
with < 6 months since last RTX exposure, 63% (5/8) overall
remained seronegative following the booster, but among those
with B cells beginning to reconstitute in that group, only 25%
(1/4) did not seroconvert. In those receiving booster doses 6 to
12 months from last RTX dose, 20% (3/15) did not seroconvert,
and in patients receiving boosters > 12 months from last RTX
dose, 25% (2/8) remained seronegative. Overall, among those
patients receiving booster vaccines > 6 months after last RTX
dose and who were beginning to reconstitute B cells, only 6%
(1) of patients failed to seroconvert. Positive predictive value of
> 6 months from the last RTX dose to the booster was 78.3%
(95% CI 56.3-92.5) and the negative predictive value was 62.5%
(95% CI 24.5-91.5).

DISCUSSION
Booster doses of the SARS-CoV-2 vaccines have emerged as an
important strategy for containing the pandemic. In our cohort
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Tiable. Bivariate comparisons between patients who were seronegative and seropositive to the COVID-19 booster by characteristics and demographics.

Value Negative Positive r
N 31 10 21
Age, mean (SD) 61.5(16.7) 62.3 (14.0) 61.0 (18.1) 0.85
Age, median (IQR) 64 (51-72) 63 (51-69) 65 (51-73) 0.75
Sex, n (%) >0.99
Female 23 (74) 7(70) 16 (76)
Male 8(26) 3(30) S (24)
Race, n (%) 0.49
White 27 (87) 8 (80) 19 (90)
Black or African American 1(3) 1(10) 0(0)
Asian 3 (10) 1(10) 2 (10)
RA, n (%) 4(13) 1(10) 3(14) >0.99
Sjogren syndrome, n (%) 5 (16) 2 (20) 3 (14) >0.99
SSc, n (%) 3(10) 1(10) 2(10) >0.99
GPA, n (%) 14 (45) 5(50) 9 (43) >0.99
PMR, n (%) 103) 0(0) 1(5) >0.99
IgG4 disease, n (%) 1(3) 1(10) 0(0) 0.32
MPA, n (%) 2(6) 0(0) 2(10) >0.99
IgG levels around booster dose, mg/dL,median (IQR) 757 (656-963) 689 (651-757) 928 (735-1001) 0.02
IgG levels around booster dose, n (%) 0.32
< 400 mg/dL 103) 1(10) 0(0)
<700 mg/dL 9(29) 5 (50) 4(19)
Absolute lymphocyte levels around booster dose, median (IQR) 1.6 (1.3-1.9) 1.4 (1.1-1.7) 1.7 (14-1.9) 0.21
Antirheumatic therapies other than RTX
Any immunosuppressant, n (%) 9(29) 3(30) 6(29) >0.99
LEF 103) 0(0) 1(5) >0.99
AZA 1(3) 1(10) 0(0) 0.32
MTX 3(10) 2(20) 1(5) 0.24
MME 3(10) 0(0) 3(14) 0.53
TCZ 103) 0(0) 1(5) >0.99
CS,n (%) 5(16) 1(10) 4(19) >0.99
Prednisone dose, mg, median (IQR) 4.8 (4.0-5.5) 5.0 (5.0-5.0) 4.5 (3.5-6.0) 0.65
First vaccine series type, n (%) 0.29
Pfizer 18 (58) 8 (80) 10 (48)
Moderna 11 (35) 2 (20) 9 (43)
J&J 1(3) 0(0) 1(5)
Sinovac 1(3) 0(0) 1(5)
Third vaccine dose type, n (%) 0.24
Phizer 19 (61) 8(80) 11(52)
Moderna 12 (39) 2 (20) 10 (48)
Dichotomous B cell status around booster dose, n (%) <0.001
No detectable B cells 7 (23) 7 (70) 0(0)
Detectable B cells 22 (71) 2 (20) 20 (95)
Missing 2 (6) 1(10) 1(5)
RTX for remission induction, n (%) 2(6) 0(0) 2 (10) >0.99
Time from last RTX infusion to booster, days, median (IQR) 260 (216-379) 188 (169-245) 301 (251-368) 0.03
Time from last RTX infusion to booster dose, months, n (%) 0.10
<6 8 (26) 5(50) 3(14)
612 15 (48) 3(30) 12 (57)
>12 8(26) 2 (20) 6(29)

" P values are from Fisher exact tests, ¢ tests, and Wilcoxon rank sum tests. AZA:

GPA: granulomatosis with polyangiitis; LEF: leflunomide; MMF: mycophenolate

azathioprine; CS: corticosteroid; COVID-19: coronavirus disease 2019;
mofetil; MPA: microscopic polyangiitis; MTX: methotrexate; PMR: poly-

myalgia rheumatica; RA: rheumatoid arthritis; RTX: rituximab; SSc: systemic sclerosis; TCZ: tocilizumab.

of patients with AIRD treated with RTX who were serologically
unresponsive to the initial vaccine series, we found that 32% of
patients remained seronegative after the administration of the
booster vaccine. CD19% and time from last RTX dose were

associated with vaccine responsiveness, whereas demographic
characteristics, corticosteroid usage, immunosuppressant usage,
time between second and third COVID-19 vaccines, and RTX

dosage were not associated with seroconversion.
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Figure 1. COVID-19 booster response by time from last RTX infusion and B cell status to antibody measurement. (A) Among patients with a negative
serologic response, the median days from last infusion to COVID-19 booster vaccination was 188 (IQR 169-245) days. Patients with a positive serologic
response had a median of 301 (IQR 251-368) days. Wilcoxon rank-sum test was used to calculate the P value. (B) The percentage of B cells among the
negative serologic response median was 0 (IQR 0-0). Among the positive serologic vaccine response group, the median was 1.79 (IQR 0.65-3.00). The
P value is from the Wilcoxon rank-sum test. The y-axis is the percentage of B cells in the total lymphocyte population. COVID-19: coronavirus disease

2019; RTX: rituximab.

Despite the lack of SARS-CoV-2 booster studies in patients
with AIRD, to date, there are a significant number of studies
assessing additional COVID-19 vaccine doses in patients
with hematologic malignancy and multiple sclerosis that were
receiving anti-CD20 therapy.”® In a study of 44 patients
with B cell non-Hodgkin lymphoma undergoing anti-CD20
therapy that were previously unresponsive to the first vaccine
series, 13 (30%) seroconverted following the booster. Although
the authors did not directly assess B cells, they identified that
greater time from last anti-CD20 therapy and higher absolute
lymphocyte counts were associated with a greater likelihood
of seroconversion."” In contrast, a study of 16 patients with
multiple sclerosis being treated with either ocrelizumab or RTX
reported that only 1 patient developed significant measurable
antibodies to the SARS-CoV-2 booster. This patient was also the
only one that had detectable B cells prior to the third dose of the
vaccine.* A third study looked at COVID-19 vaccine booster
efficacy in patients with immune-mediated inflammatory disor-
ders. Thirty-one of 68 (45.6%) patients that were being treated
with an anti-CD20 therapy were able to seroconvert after their
third vaccination. Although this population included patients
with AIRD, the authors do not specify how many had rheumatic
diseases and did not discuss timing from last anti-CD20 therapy
or B cell counts.??

Strategies to optimize serologic response to boosters of
the vaccines specifically in patients with AIRD treated with
RTX are of importance as B cell depletion has been associated
with worse outcomes from COVID-19.2 A study assessing
COVID-19 infections in patients post vaccination found that
patients treated with RTX had higher rates of hospitalization
than patients being treated with other immunosuppressants.”
Longer time from last RTX administration and the presence of
B cells have emerged as the features most predictive of a serologic
response to the initial vaccine series.”®

There is a paucity of data regarding factors associated with a

serologic response to COVID-19 vaccines boosters in patients
treated with RTX who were initially seronegative. In the largest
study to date, only 14.5% (9/62) of patients seroconverted
following a third dose. The authors did not measure B cell status
and, therefore, do not have data on the relevance of B cell recon-
stitution to likelihood of a serologic response.'® Similarly, another
study found that only 27% (15/55) of patients treated with RTX
developed antibodies following the booster. The authors iden-
tified that B cells were predictive of vaccine response as 67%
(12/18) of patients with detectable B cells became seropositive
following the booster. However, the authors did not discuss
time from last RTX dose.' In a study that included 49 patients
treated with RTX, only 16.3% (8/49) seroconverted following
the booster, and no association was found with either B cell
levels or time from last RTX dose.' The relatively small numbers
of patients who seroconverted in that study likely contributed to
the inability to recognize positive associations. Similarly, a study
that included 33 patients treated with RTX demonstrated only
an 18.2% (6/33) rate of seropositivity following the booster;
however, CD19% association was not analyzed.'” A smaller
study that did assess B cell reconstitution found that 7 patients
who were previously seronegative became serologically positive
following the booster, and 5 of those patients had reconstituted
B cells." Two additional studies included patients with AIRD
treated with RTX as part of their larger cohorts, but once again
had a small proportion of patients become seropositive and did
not report on B cell levels."”'® Last, in 2 smaller studies, among
13 patients, only 1 patient who was B cell depleted at the admin-
istration of the third dose demonstrated seroconversion.!>!

In our study, a higher percentage (68%, 21/31) of patients
developed antibodies after the booster who were previously sero-
negative after the initial vaccine series. We found that detectable
B cells (P < 0.001) and time from last RTX exposure (P = 0.03)
were strongly associated with a positive response. This obser-
vation could help inform strategies for optimizing response to
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booster COVID-19 vaccine in patients treated with RTX. In
our patients > 6 months from their last RTX dose, the interval
suggested in some guidelines, more than a fifth (22%, 5/23)
remained seronegative following the booster. Complementary
information regarding B cell reconstitution could better inform
if the patient will respond to the vaccine, as only 6% of patients
beginning to reconstitute B cells in that group were seronegative
following the booster.

A strength of our study includes the much higher proportion
of patients who successfully seroconverted following booster
vaccine administration. This allowed us to recognize associations
with factors indicative of a greater likelihood of seroconversion
after administration of a booster dose of the COVID-19 vaccine
than what could be recognized in smaller studies, or those with
low rates of seroconversion. Another strength is that we specif-
ically focused on patients with AIRD treated with RTX who
had not seroconverted following their initial vaccine series.
The majority of the existing literature has this patient popu-
lation included as part of a larger heterogeneous cohort that
includes other diagnoses. Among the patients with AIRD that
are included in these studies, most are being treated with RTX
for RA. Contrastingly, the majority of our patients were being
treated for AAV (16/31, 52%). The standard treatment for RA
often includes the concomitant use of methotrexate, whereas
AAV does not. Therefore, our results may be less affected by this
confounding variable than the current studies.

A limitation of our study is its retrospective nature and lack
of non-RTX-treated controls. Although all COVID-19 spike
antibodies were measured more than 4 weeks after booster
vaccine administration, the timing of that measurement was
not standardized. Antinucleocapsid antibodies were also not
captured to assess prior COVID-19 infection as this was not
part of standard care; however, patients with a known history
of COVID-19 infection were excluded. Moreover, data on B
cell status were measured after booster vaccination in 6 patients.
Three patients remained B cell depleted at the time of antibody
measurement and had not received additional RTX, so they
were assumed to be B cell-depleted at the time of vaccination. A
sensitivity analysis excluding the remaining 3 patients who had
detectable B cells after the booster did not change the results.
Although concomitant medications and corticosteroid use were
not associated with differential vaccine responses, this could be
a result of our small sample size. Differences reported between
those 6 to 12 months and those greater than 12 months from
their last RTX dose could also be limited by the small sample
size of each respective cohort. Further, persistent B cell deple-
tion may relate to more severe or tenuous underlying disease and
more prior immunosuppression, although differences in disease
severity were not apparent. Finally, the clinical implications of
serologic positivity for COVID-19 spike antibodies are uncer-
tain. Evidence of T cell mediated immunity to SARS-CoV-2
in vaccinated patients previously treated with RTX has been
demonstrated.*!*! Larger prospective studies assessing responses
to booster COVID-19 vaccines are needed to identify factors
associated with seropositivity and more importantly, protection
from severe clinical outcomes. This study, however, suggests that

incorporating assessment of B cell reconstitution into clinical
decisions on timing of booster doses should be considered.
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