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ABSTRACT

COVID-19 vaccination leads to a less intense humoral response in patients with multiple myeloma (MM) compared with healthy individu-
als, whereas the SARS-CoV-2-specific immunity fades over time. The purpose of this study was to explore the kinetics of SARS-CoV-2
neutralizing antibodies (NAbs) in patients with MM after vaccination with the BNT162b2 mRNA vaccine, focusing on their response
before (B4D) and at 1 month after the fourth vaccination (M1P4D). Overall, 201 patients with a median age of 67 years were included,
whereas 114 (56.7%) were men. The median NAbs levels B4D were 80.0% (+3.5%) and at M1P4D they increased to a median value of
96.1% (+£3.7%). The NAb values at M1P4D were similar to those at 1 month post the third dose and superior to all previous timepoints.
At M1P4D, the NAbs levels of all the treatment groups increased, apart from the anti-BCMA group. A significant increase in median
NAbs values was observed for those receiving CD38-based treatment (n = 43, from 71.0% B4D to 96.0% at M1P4D) and those who
did not receive CD38- or BCMA-targeted therapy (n = 137, from 89.6% B4D to 96.3% at M1P4D). Regarding the patients under BCMA-
based therapy (n = 21), there was no remarkable increase in NAbs values following the second booster shot (from 3.0% B4D to 4.0%
at M1P4D). In conclusion, booster vaccination with the BNT162b2 results in a substantially improved humoral response against SARS-
CoV-2 in patients with MM. Anti-BCMA treatment remains an adverse predictive factor for NAbs response; thus, tailored prevention

measures should be considered for this patient subgroup.

INTRODUCTION

The emergence and prevalence of new SARS-CoV-2 vari-
ants along with the declining immune protection following
vaccination has necessitated the implementation of booster
vaccine doses.> However, COVID-19 vaccination leads to a
less intense humoral response in individuals with immune cell
dysfunction including patients with multiple myeloma (MM)
compared with healthy individuals.*®* Among these patients, the
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SARS-CoV-2-specific immunity is anticipated to fade quickly
over time.” Patients with hematologic malignancies are at high
risk of developing breakthrough COVID-19 infections, as well.®
Interestingly, the booster-induced reduction in the viral load of
breakthrough infections declines over time and becomes rather
negligeable at 4 months following the third BNT162b2 shot.’
Patients with MM and COVID-19 present with a high rate of
moderate and serious disease course along with high mortality
that reaches almost one-fifth of the cases.'®!' In this context,
2 booster doses have been recommended to maintain an ade-
quate antibody response in this patient population.!? Therefore,
the aim of this study was to investigate the levels of SARS-
CoV-2 neutralizing antibodies (NAbs) in patients with multi-
ple myeloma (MM) up to 1 month after their fourth (second
booster) BNT162b2 (Pfizer-BioNTech) mRNA vaccination.

METHODS

Patients

This prospective study enrolled consecutive patients with
MM who were vaccinated against SARS-CoV-2 in a single
institution (ClinicalTrials.gov number: NCT04743388). Adult
patients with MM had to be eligible for COVID-19 vaccination
under the national immunization program and provide written
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informed consent to be included. Patients with end-stage renal
disease were excluded from the trial. The data of the partici-
pants were kept private in compliance with the General Data
Protection Regulation. All patients’ identities were kept fully
confidential, and names were deidentified using pseudoano-
nymization methods immediately after sample collection. Age,
gender, body mass index (BMI), type of therapy, concomitant
diseases, and staging scores at diagnosis were among the rele-
vant variables gathered from the medical records. The study was
approved by the Institutional Ethics Committee (Ref. No. 15/23
December 2020, General Hospital Alexandra, Athens, Greece),
and it was conducted in accordance with the Declaration of
Helsinki and the International Conference on Harmonization
for Good Clinical Practice.

Neutralizing antibody measurement

Measurements of NAbs took place at 1 month (M1P2D),
3 months (M3P2D), 6 months (M6P2D) after the second vac-
cination, as well as before the first booster dose (B3D), at 1
(M1P3D) and at 3 (M3P3D) months after the third vaccination.
NAbs were also evaluated before the fourth dose (B4D) and at
1 month after the fourth dose (M1P4D). The second booster
shot was provided at 6 months following the first booster
vaccination.

Serum was extracted and stored at —80°C until the day of
measurement within 4 hours of blood collection. Stored samples
from different time points of the same donor were evaluated in
parallel experiments. SARS-CoV-2 neutralizing antibodies were
measured using an FDA-approved technique. To detect possi-
ble SARS-CoV-2 Nabs in blood, the cPass SARS-CoV-2 Nabs
Detection Kit (GenScript, Piscataway, NJ) was utilized. This
approach is being used to explore antibody-mediated reduction
of SARS-CoV-2 RBD binding to the human host receptor angio-
tensin converting enzyme type 2.

Statistical analysis

The demographic data, concomitant diseases, and prescrip-
tions of the patients were collected through personal contact
with them. BMI was calculated for each subject based on their
weight and height. Statistical analysis began with the calculation
of descriptive criteria such as mean, median, quartiles, and esti-
mation of dispersion metrics like interquartile range (IQR) and
standard error (expressed as = next to the estimates).

Patients were classified into 3 categories based on their
treatment: (a) those receiving treatment based on anti-CD38
monoclonal antibodies, (b) those receiving treatment based on
monoclonal antibodies targeting the B-cell maturation antigen
(BCMA), and (c) patients receiving any other treatment, includ-
ing lenalidomide, bortezomib, ixazomib, carfilzomib, and their
combinations with dexamethasone. Subjects were also classi-
fied into 2 groups based on their BMI using a cutoff value of
25; therefore, underweight and normal weight patients consti-
tuted the first group, while over-weight and obese patients were
included into the second group. For age, the cutoff value of 67
years, which refers to the median of the study patients, was used
to define the 2 groups.

A normality test was performed before any statistical com-
parison between 2 or more groups. The Shapiro-Wilk procedure
was used to determine the normality of the data distribution. If
the nominal normality hypothesis was rejected, it was assumed
that the data did not conform to the normal distribution. In this
study, demographic factors like age and BMI followed a normal
distribution, so parametric methods were used to analyze them.
NAbs levels on all occasions (except M1P2D and M3P2D) devi-
ated from normality and therefore nonparametric methods have
been applied. The Mann-Whitney U test was used for compar-
isons between 2 independent groups, such as examining gender
effects on Nabs. For the simultaneous comparison of more than
2 groups, such as when comparing the 3 treatment methods, the
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Kruskal-Wallis methods was utilized. The Wilcoxon signed-rank
test was used for pairwise group comparisons, for example,
comparing neutralizing antibody levels between 2 occasions,
while the Friedman’s test was used for comparisons of NAbs
across multiple time points. The significance level was set at 5%
in all situations, and a result was considered significant if the
estimated P value was less than the significance level. The entire
statistical analysis was implemented in IBM SPSS Statistics (ver-
sion 26).

RESULTS

Baseline characteristics

The results of the primary and the first booster dose have
been previously published.>”!* The present analysis included N
= 201 patients with MM who received the fourth dose of the
BNT162b2 vaccine at a median of 6 months (range 5-7) after
the third vaccine shot. Table 1 summarizes the demographic
data gathered from study participants. Overall, 43 patients were
receiving treatment based on anti-CD38 monoclonal antibod-
ies, 21 patients were receiving treatment based on anti-BCMA
antibodies, whereas 137 patients were receiving combinations
based on proteasome inhibitors (PIs) and immunomodulatory
drugs (IMiDs).

The demographics of the 3 treatment subgroups appear to
be quite similar, in line with the baseline characteristics of the
entire cohort (Table 1). Overall, 114 (56.7%) patients were
males, whereas the median age was 67 years and the median
BMI was 25.8 kg/m?. Statistical comparisons among the 3 sub-
groups (CD38-based, BCMA-based, and “Other” treatment)
revealed no significant differences in any of the abovementioned
characteristic; the ANOVA P values for age and BMI were 0.672
and 0.588, respectively, indicating that patients in the 3 groups
share similar characteristics that can be investigated further.

Furthermore, between the third and fourth doses, a subset of
patients (N = 34, or 16.9%) were found to be COVID-19 posi-
tive. The demographics and NAbs levels of COVID-19 positive
and negative patients were compared on all occasions. There
was no significant difference in patient demographics (e.g., age,
BMI, gender participation) or antibody levels. The non-COVID
group had a median age of 67 years, while the COVID group
had a median age of 65.5 years (Table 2). In terms of gender
distribution, 56.9% and 55.9% were men as well as 43.1% and
44.1% were women in the non-COVID and COVID groups,
respectively. Similarly, the distribution of ISS and RISS stage was
quite similar in the COVID and non-COVID groups, respec-
tively (Table 2). Finally, no significant differences regarding the
distribution of treatment type between the 2 groups emerged.
Overall, the COVID-19 positive patients had similar character-
istics (as expected due to the randomness of COVID-19 infec-
tion), and there was no difference in response after the fourth
vaccination.

Neutralizing antibody levels
The effect of a second booster shot on NAb levels

Figure 1 shows the percent inhibition of NAbs starting from
1 month after the second vaccination (M1P2D) and ending up
to 1 month after the fourth dose (M1P4D). Between 2 consec-
utive vaccinations, the anticipated motif of decreasing neutral-
izing activity is observed. Since the kinetics of NAbs against
SARS-CoV-2 following the first booster dose in patients with
MM have already been discussed,” this study focused on the
investigation of the immune response after the fourth (second
booster) dose. Overall, the median inhibition levels at B4D were
80.0% (+3.5%) and at M1P4D they increased to a median
value of 96.1% (+3.7%). Before the fourth dose, the propor-
tions of patients having NAbs titers higher than 30%, 50%,
and 75% were 74.2%, 68.0%, and 55.7%, respectively. After
the fourth dose, the corresponding proportions increased to
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Demographic Characteristics of the Study Participants
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Patients
Characteristic Entire patient group CD38-based BCMA-based Other
Sample size 201 43 21 137
Men (n, %) 114 (56.7%) 25 (58.1%) 13 (61.9%) 76 (55.5%)
Women (n, %) 87 (43.3%) 18 (41.9%) 8 (38.1%) 61 (44.5%)
Age (median, IQR) 67 (15) 66.5(17.5) 67.1(16) 67 (14)
BMI (median, IQR) 25.8(5.1) 252 (3.8) 253 (4.2 26 (5.7)

Based on the administered medication, 3 groups of patients with multiple myeloma were included in the study: (a) those receiving treatment based on anti-CD38 agents (N = 43), (b) those receiving
treatment based on monoclonal antibodies targeting the B-cell maturation antigen (BCMA) (N = 21), and (c) patients (N = 137) receiving any other treatment, including lenalidomide, bortezomib, ixazomib,

carfilzomib, and their combinations with dexamethasone.
n= number of patients; IQR = interquartile range.

Patient Characteristics Based on History of Prior COVID-19
Infection Between the Third and Fourth Vaccine Dose

COVID-19 positive between third and

fourth dose

Characteristic No Yes
Sample size (n, %) 167 (83.1%) 34 (16.9%)
Men (n, %) 95 (56.9%) 19 (55.9%)
Women (n, %) 72 (43.1%) 15 (44.1%)
Age (median, IQR, y) 67 (14.5) 65.5 (21.5)
BMI (median, IQR, kg/m?) 26 (5) 25.5(5.5)
ISS at diagnosis (n, %)

Stage 1 or 2 126 (75.4%) 24 (70.6%)

Stage 3 41 (24.6%) 10 (29.4%)
RISS at diagnosis (n, %)

Stage 1 or 2 144 (86.2%) 31 (91.2%)

Stage 3 23 (13.8%) 3(8.8%)
Treatment:

CD38 (n, %) 38 (22.8%) 5(14.7%)

BCMA (n, %) 19 (11.4%) 2 (5.88%)

Other (n, %) 110 (65.9%) 27 (79.4%)

n = number of patients; IQR = interquartile range; ISS = International Staging System; RISS = Revised ISS.

81.2%, 81.2%, and 74.1%, respectively. Indeed, the NAb levels
increased in 89.4% of the whole patient cohort after the fourth
vaccination. Statistical comparison of the neutralizing inhibi-
tion titers at M1P4D against inhibition activities at all previ-
ous timepoints revealed statistically significant differences (the
Wilcoxon P values were <0.05). The only exception was the case
of M1P3D (i.e., 1 month after the third vaccination), where the
NAbs were found to be very similar to M1P4D (96.7% versus
96.1%, respectively, P = 0.082).

Furthermore, before the fourth dose, the median NAbs lev-
els for the COVID-19 positive patients were 83.42% (+7.5%),
while for the COVID-19 negative patients were 78.8% (+3.7%).
Similarly, 1 month after the fourth dose, the median NAb
response increased to 97.0% (x6.6%) and 96.1% (+3.9%) for
the COVID-19 positive and negative groups, respectively. The
Mann-Whitney test revealed that both differences were not
statistically significant, with P values of 0.832 and 0.752 for
B4D and M1P4D, respectively. As a result, because both groups
(COVID-19 positive and negative) consisted of patients with
similar characteristics who also showed similar responses to
vaccine before and after the fourth vaccination, these 2 groups
were combined in the analyses.

The effect of treatment on NAbs levels

The immune response to the fourth vaccination, for each
treatment group, is depicted in Figure 2 where the NAbs levels
before and after the fourth vaccination are presented. Before

the fourth dose (Figure 2A), the median NAbs for the CD38,
BCMA, and the other treatment groups were 71.0%, 3.0%, and
89.6%, respectively. The proportion of patients under CD38-
based treatment with NAbs higher than 30%, 50%, and 75%
was 72.0%, 64.0%, and 48.0%, respectively. Slightly higher pro-
portions were found for the “other treatment” group, where the
corresponding 3 proportions were 80.6%, 74.6%, and 62.7%,
respectively. In the case of patients under anti-BCMA treatment,
all of them exhibited very low NAbs before the fourth dose,
and none of the patients exceeded the 30% inhibition cutoff.
Statistical comparison among the 3 treatment groups (CD38-
based vs. BCMA-based vs. Other treatment) showed no signif-
icant difference (P = 0.263) between the CD38-based and the
“other treatment” group, while both of them showed superior
inhibition activity than the BCMA group (both P values <0.001).
One month after the fourth dose (M1P4D) (Figure 2B), the
NAbs levels of all the treatment groups increased substantially,
apart from the anti-BCMA group. For the CD38-based group,
a significant (Wilcoxon P value = 0.001) increase in NAbs was
observed from 71.0% to 96.0%. Regarding the “other treat-
ment” group, the increase in NAbs was found to be significant
from 89.6% to 96.3% (P< 0.001). For the BCMA-based group,
the increase (from 3.0% to 4.0%) was rather small and, as
expected, it was not significant (P = 0.263). The percentages of
patients receiving CD38-based therapy and exerting neutralizing
activity greater than 30%, 50%, and 75% were 77.8%, 77.8%,
and 72.2%, respectively. The highest proportions were observed
for patients under treatment with medications other than CD38-
or BCMA-based; namely, the corresponding percentages were
87.3%,87.3%,and 79.4%, respectively. Interestingly, none of the
patients receiving anti-BCMA-based treatment showed a NAb
value higher than 30%. As expected, statistical comparison with
the Mann-Whitney test revealed significant differences between
the CD38-based and the BCMA-based groups (P = 0.001), as well
as between the “other treatment” and the BCMA-based groups
(P < 0.001). No statistically significant difference was found
between the CD38-based group and the group of patients under
treatment with “other” drug combinations (P = 0.758).

Comparative effect of each vaccine dose on NAb levels

Another interesting issue to investigate, was the compari-
son of the humoral immune responses at 1 month after each
distinct vaccination (second, third, and fourth dose, respec-
tively). Figure 3 shows the neutralizing antibody inhibition
activity at M1P2D, M1P3D, and M1P4D. The median inhi-
bition at M1P2D was 69.7% (x2.4%), which was the lowest
among the 3 occasions. In particular, 1 month after the third
and fourth vaccinations, the median inhibitions were quite
similar and more specifically reached 96.7% (+2.6%) and
96.1% (+£3.7%), respectively. Statistical comparison using the
Friedman’s test revealed that NAbs levels at M1P2D differed
significantly in respect to those at M1P3D (P < 0.001) and at
M1P4D (P < 0.001).
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Figure 1. Inhibition (%) of SARS-CoV-2 binding to the human host receptor angiotensin converting enzyme-2 after vaccination with the
BNT162b2 mRNA vaccine in patients with MM. Antibodies were measured at 1 month (M1P2D), 3 months (M3P2D), and 6 months (M6P2D) after the
second vaccination, before the third booster dose (B3D), as well as at 1 (M1P3D) and 3 (M3P3D) months after the third vaccination, and before the fourth dose
(B4D). The last measurement point was 1 month after the fourth dose (M1P4D). The asterisks () indicate statistically significant differences (P < 0.05) between
the compared group and the inhibition levels at M1P4D. The boundaries of the box plot refer to the quartiles of the distribution, while the dashed lines of the
graph indicate the limits of inhibition, that is, 30%, 50%, and 75%. The syringe symbol represents vaccination.
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Figure 2. Inhibition (%) of SARS-CoV-2 binding after vaccination with the BNT162b2 mRNA vaccine in patients with MM, before and 1 month
after the fourth dose. Patients were classified into 3 categories based on their treatment: (A) those anti-CD38 based treatment (N = 43), (B) those receiving
anti-BCMA-based treatment (N = 21), and (C) those receiving any other treatment (N = 137). The single asterisk (*) indicates statistically significant differences
(P < 0.05) between the compared groups. The double asterisk (**) indicates a significant difference for the same group between the 2 occasions (before and
after the fourth vaccination). The boundaries of the box plot refer to the quartiles of the distribution, while the dashed lines of the graph indicate the limits of
inhibition, that is, 30%, 50%, and 75%.
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Humoral immune response data were also analyzed accord-
ing to treatment group to further investigate the response at 1
month after vaccination (Figure 4). In the case of CD38-based
and “other” treatment groups, a similar pattern is observed
where NAbs levels at M1P3D and M1P4D are significantly
higher than those at M1P2D; the P values for the 2 comparisons
were <0.001 and equal to 0.006, respectively. For the BCMA-
based group, a different pattern is observed, where NAbs have
the lowest median value at M1P4D and the highest median
value at M1P2D (P = 0.028). At M1P2D, only the BCMA-
based group had significantly lower median NAb levels (P =
0.002) compared to the “other treatment” group. At M1P3D,
the BCMA-based group had an inferior median NADb value com-
pared with both the CD38-based (P = 0.005) and the “other” (P
< 0.001) treatment groups. Similar results emerged at M1P4D;
the P values were 0.015 and 0.002 for the comparisons between
the BCMA-based with the CD38-based and the “other treat-
ment” groups, respectively.

The effect of age, BMI, and disease stage on NAbs levels

A supplemental analysis was also performed with respect to
gender to determine possible gender differences in the devel-
opment of humoral immune responses after the fourth dose.
However, in none of the subgroup analyses based on treatment
type or timepoint examined gender was found to play a sig-
nificant role in the development of NAbs levels. In all these
occasions, the Mann-Whitney test resulted in significance levels
higher than 5%. Furthermore, age and BMI were investigated
for their potential effect on NAbs levels before and at 1 month
after the fourth vaccine dose. The cutoff values for age and BMI
were set at 67 years and 25.8kg/m?, respectively, which corre-
spond to the median estimate of these 2 variables. However,
neither age (P = 0.206), nor BMI (P = 0.318) were found to
exert a significant effect on NAbs values. The ISS and RISS stage
of the disease at study entry was evaluated, as well. However,
no significant effect on NAb levels was found (P = 0.641 and
P = 0.882 for ISS and RISS, respectively).

www.hemaspherejournal.com

DISCUSSION

Evaluating the kinetics of humoral response over time after
each vaccination is important to determine a tailored vaccina-
tion and prevention strategy against COVID-19 for patients with
MM."* Our results demonstrated that the second BNT162b2
booster vaccine increased significantly the median NAD value
from 80% before to 96% at 1 month post the fourth dose
among patients with MM. In line with our findings, Munro et
al showed a significant increase in the geometric mean antispike
protein IgG concentration following a second booster vaccine
against SARS-CoV-2 with either BNT162b2 or mRNA-1273. All
166 individuals who participated in this substudy of the COV-
BOOST clinical trial had received BNT162b2 as a first booster
shot.” Both humoral and T-cell immune responses against SARS-
CoV-2 are improved following a fourth BNT162b2 vaccine in
individuals 60 years of age or older.!"!® This is reflected on the
anticipated protection against severe COVID-19 following the
second booster shot according to available data stemming from
Israel.'” Although the protection against COVID-19 wanes rela-
tively rapidly after the fourth dose, the protection against severe
illness remains over time.'$-2

Furthermore, we showed that NAbs titers in patients with
MM decline even at 3 months after the third vaccine shot. The
kinetics of NAb decay after the second and the third BNT162b2
seem to be quite similar, although the humoral response after
the first booster dose is superior than after the second vaccine
shot.”?1:22 Interestingly, we found that the median NAbs levels
at 1 month after the second booster BNT162b2 are similar to
those detected at 1 month following the first booster BNT162b2
in patients with MM. Another recent study has also demon-
strated that the second booster shot with a mRNA-based vac-
cine restores the NAD levels to the high values that had been
previously achieved after the first booster shot with BNT162b2
in individuals without MM..?

In addition to the above, we confirmed the adverse predictive
role of anti-BCMA therapy on NAb response following each
vaccine shot. Treatment with anti-BCMA and anti-CD38 agents
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Figure 3. Inhibition (%) of SARS-CoV-2 binding after vaccination with the BNT162b2 mRNA vaccine in patients with MM at 1 month after the
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the graph indicate the limits of inhibition, that is, 30%, 50% and 75%.

has been previously associated with inferior humoral responses
following both the initial 2-dose vaccination scheme and the
third BNT162b2 booster dose.”!*?!2* Herein, we showed that
patients under treatment with anti-BCMA-based regimens did
not have any NAb activity before the fourth dose and this did
not change after the second booster vaccination. Although
patients under treatment with anti-CD38-based combinations
had a lower median NAb value before the fourth dose com-
pared with the patients who did not receive anti-BCMA- or anti-
CD38-based treatment, the median NAb values after the second
booster dose were similar between the 2 patient groups. In con-
trast to the anti-CD38 and “other treatment” groups, which
showed the highest median NAb response at 1 month after each
booster dose, the anti-BCMA treatment group showed the high-
est median NAb response at 1 month after the second vaccine
shot. This finding may indicate a cumulative effect of BCMA-
targeting therapies in the sustained depletion of B-cells, which in
turn results in defective antibody production.?>2¢

Regarding the role of COVID-19 infection prior to the sec-
ond booster dose, it should be noted that the proportion of
infected patients (16.9%) in the interval between the third and
fourth BNT162b2 dose is much less than the uninfected sub-
jects. However, this imbalance did not affect the analysis since
patients in both groups had quite similar characteristics in terms
of age, BMI, etc. Although prior COVID-19 leads to a high
NAD response in patients with MM,?” there was no difference
in the humoral responses after the fourth vaccination between
those with and without a history of COVID-19 before the sec-
ond booster shot. It has to be also noted that almost one-fifth
of the patients experienced a breakthrough infection after the
third BNT162b2 in the era of the Omicron variant of concern.
Our finding coincide with the previously reported increased

incidence of breakthrough infections following COVID-19
vaccination in patients with MM and other hematologic malig-
nancies.®?$?’ The suboptimal and waning immune response of
patients with hematologic cancer to vaccination against SARS-
CoV-2 compared with healthy individuals renders them a par-
ticularly vulnerable population to breakthrough infections.’3%3!

One of our study’s key features is the examination of NAbs,
which have been demonstrated to have a significant predic-
tive value for immunological protection against symptomatic
COVID-19.3%3 As a result, NAD levels can be used as surrogate
markers for vaccination effectiveness. A limitation of this study
is the limited sample size, especially regarding patients receiving
treatment based on anti-BCMA regimens. Therefore, the sub-
group analyses performed in this study should be considered
rather exploratory. Furthermore, we did not assess the kinet-
ics of cellular immune response against SARS-CoV-2 following
each dose of the primary and the booster vaccinations. During
the short follow-up period after the second booster dose, no
new COVID-19 instances were detected. A longer follow-up
period will demonstrate any effect of the booster immuniza-
tion on COVID-19 hospitalization and mortality rate among
patients with MM.

In conclusion, fourth vaccination with the BNT162b2 results
in substantially improved humoral response against SARS-
CoV-2 in patients with MM. Anti-BCMA treatment remains
an adverse predictive factor for NAbs response following the
second booster vaccine. All patients with MM, but especially
those on anti-BCMA therapy, should be prioritized for receiv-
ing pre-exposure prophylaxis with monoclonal antibodies and
booster shots with variant-specific vaccines. Last but not least,
they should be encouraged to wear a mask and avoid crowded
places as long as the pandemic is ongoing.
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