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Background: Several published data on the dialysis population showed that antibody levels
decreased after COVID-19 vaccinations in comparison to the overall population. We aimed
to illustrate the persistence of humoral response after receiving second dose of the Pfizer or
AstraZeneca vaccines in patients under maintenance hemodialysis (HD).

Methods: A total of 119 adult patients on HD who were recruited from a single hemodia-
lysis center in Madinah, Saudi Arabia. An enzyme-linked immunosorbent assay (ELISA)
was utilized to measure the specific antibody response to the spike protein in the serum
samples.

Results: Mean age of patients was 48.5 £ 13.5 years, while mean time since starting the
renal dialysis was 5.09 £+ 5.29 years. Blood samples were collected after 89.2 = 25.7 days of
receiving the second dose of the vaccines. A very high positive correlation between anti-S
IgG antibodies in pre- and post-dialysis was found (r,= 0.93, p < 0.001). Additionally, there
was a high positive correlation between anti-S IgG antibody collected at baseline and follow-
up blood samples (30 days apart) (rs= 0.82, p < 0.001). Moreover, patients who received
Pfizer had significantly higher mean change in anti-S IgG antibodies compared to patients
who received AstraZeneca (0.41 £+ 0.94 vs 0.03 £ 0.30, respectively, p = 0.026).
Conclusion: The majority of the patients included in this study were able to yield an
immune response to the vaccine after receiving the two doses. Persistence of IgG antibodies
in the majority of the patients on HD in response to COVID-19 vaccines is encouraging in
terms of continuing to vaccinate this category of patients in addition to monitoring them.
Keywords: SARS-CoV-2, maintenance hemodialysis, COVID-19 vaccines, chronic kidney
disease

Introduction
The coronavirus 19 (COVID-19) pandemic led to a massive effect on health as well
as the economy. Its fast spread in addition to appearance of several mutant variants
has increased the burden on governments all over the world.! The scale of COVID-
19 diverges from asymptomatic® to multiorgan dysfunction, comprising several
diseases such as acute respiratory distress syndrome as well as acute kidney injury.’
Patients with renal disease characterize an exceptional population due to their
immunosuppressed situation in addition to distinctive exposures.* Reasons for
chronic kidney disease (CKD) differ worldwide. The primary causes, eventually
leading to end-stage renal disease (ESRD), include: diabetes mellitus type 2 (30
—50%), type 1 diabetes mellitus (3.90%), hypertension (27.2%) and other diseases.’
As kidney function drops there appears to be poorer vaccine responsiveness.’®
Several approaches have been implemented to develop responses to other vaccines

Received: 3 November 2021
Accepted: 9 December 2021
Published: 30 December 2021

Risk Management and Healthcare Policy 2021:14 5081-5088 5081
© 2021 Mahallawi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/

AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing
the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6977-9006
http://orcid.org/0000-0003-4007-0006
mailto:wmahallawi@taibahu.edu.sa
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Mahallawi et al

Dove

such as those for hepatitis B and influenza A, for example
using higher vaccine doses and adding adjuvants, or even
recommending extra immunizations.” Nevertheless, there
is insufficient information obtainable on the efficacy of
COVID-19 vaccination for HD patients, since huge vac-
cine trials omitted patients on dialysis.®

Observations on humoral immune response of HD
patients to SARS-CoV-2 are not well documented.
Patients with kidney failure are vulnerable to infection
and commonly show less advantageous seroconversion
reaction to vaccines.” Patients on maintenance HD are at
risk for SARS-CoV-2 infection.'”

Individuals with obesity, diabetes mellitus and CKD
comprise patients at high risk for SARS-CoV-2.'"12
Amongst CKD patients, those with a serious illness were
greater in number than those inother groups with various
comorbidities in addition to a compromised immune
system. "

A recent study showed that there has been a relation-
ship between comorbidities and severe SARS-CoV-2
infection prevalence among CKD patients and that was
up to 4%.'* Therefore, the need to vaccinate this group
of patients is of high priority to assure that they are
protected from infection. Presently, Phase III studies
using several vaccines, such as BNT162b2 (Pfizer) and
ChAdOx1 (AstraZeneca), are being performed®

Comorbidity among patients undergoing dialysis is at
high rates. Those patients have variable immunosuppression
levels in addition to being much more likely to live in a
state of permanent caution; therefore, they are at high risk
of acquiring SARS-CoV-2 infection and also of mounting
severe disease complications.'”> Hemodialysis patients
showed an increased case fatality rate (from 20 to 30%).'
A recent study concluded that a third dose of Pfizer vaccine
led to a considerable increase in antibody levels in dialysis
patients, particularly in patients with suboptimal antibody
levels following receipt of the second dose.'” Therefore, the
Food and Drug Administration (FDA) is piloting an inde-
pendent assessment of the safety as well as efficiency of a
booster COVID-19 vaccine dose after receiving the first two
doses. Moreover, the Advisory Committee on Immunization
Practices (ACIP) will be providing booster dose endorse-
ments based on a comprehensive evaluation of the data
(https://www.cdc.gov/vaccines/covid-19/clinical-considera

tions/covid-19-vaccines-us.html#considerations-additional-
dose, accessed on 20-09-2021).
Current evidence concerning the impact of hemodialy-

sis on the humoral immune response is limited. Thus, we

aimed in the current study to investigate two things: first,
the responsiveness of maintenance HD patients to Pfizer
and AstraZeneca vaccines; secondly, the humoral immune
response following receipt of the two doses of COVID-19
vaccines in those patients.

Materials and Methods

Sample Collection

This cohort study included all adult patients on mainte-
nance HD from a single hemodialysis center in Madinah,
Saudi Arabia (n = 128). Exclusion criteria include not
being vaccinated and receiving mixed doses of the vaccine
(one dose Pfizer and one dose AstraZeneca). The study
was conducted between January 1st and August 25th 2021.
Data concerning each patient’s age, sex, ethnicity, years of
dialysis, frequency of dialysis per week, history of
COVID-19 infection, vaccination status, and vaccine type
were collected. In addition, 5 mL of blood was obtained
from arterial port of the fistula during needling from the
participants at different time points: baseline and follow-
up (30 days apart). Following serum sample separation,
they were reserved at —70 °C for forthcoming antibody
analysis. All participants were informed about the purpose
of the study, in accordance with the Declaration of
Helsinki. Signed consent forms were obtained from all
patients included in this study. Ethical approval to conduct
this study was obtained from the Research Ethics
Committee of the College of Applied Medical Sciences,
Taibah University (2021/101/212/MLT).

Enzyme-Linked Immunosorbent Assay

(ELISA)
ELISA for the detection of SARS-CoV-2 anti-S IgG anti-
bodies was performed using the commercial SARS-CoV-2
IgG ELISA Kit (BGI Europe A/S) according to the man-
ufacturer’s instructions. The test specificity for IgG anti-
body detection is 98.38%, and the sensitivity for IgG
antibody detection is greater than 98.71%, according to
the manufacturer. In brief, 96-well ELISA plates were
used. Two wells of the plate were reserved for the negative
control (for cut-off calculations) and one well contained
the positive control and one well was left blank; 100 pL of
positive control and negative control were added to the
designated wells without dilution. For the remaining wells,
10 pL of the plasma was added to each well along with
100 puL of sample diluent buffer, and the plates were
incubated at 37°C for 30 minutes. The plates were then
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washed five times using a semi-automated ELISA washer,
and 100 pL of horseradish peroxidase-labeled anti-human
IgG antibody was added to each well and incubated for 20
minutes at 37°C. The plates were then washed five times,
and 50 pL each of substrates A and B were added to each
well and incubated in the dark for 10 minutes at 37°C.
After the color development was finalised, 50 pL of stop-
ping solution was added to each well. Finally, the optical
densities (ODs) were measured at 450 nm. The cut-off
value was calculated using the formula 0.1 + mean absor-
bance of the two negative controls, and it was 0.18.

Statistical Analysis

Data concerning level of anti-S IgG antibodies as well as
age, time since receiving the second dose of COVID-19
vaccine, and time since starting renal dialysis are pre-
sented as mean + standard deviation (SD). Frequencies
and percentages (%) are used to present data for catego-
rical variables. The Shapiro—Wilk test was used to assess
the normality of distribution of all continues variables.
Spearman correlation was used to assess the association
between the anti-S IgG antibodies pre- and post-dialysis
and follow-up. The Mann—Whitney test was used to com-
pare the mean of anti-S IgG antibody levels across two
groups, while the Kruskal-Wallis test was used to com-
pare the means across three groups or more. Simple linear
regression analysis was used to investigate predictors of
change in anti-S IgG antibody levels between baseline
reading and last reading collected. Sensitivity analysis
was performed after excluding patients with previous
COVID-19 infection. SPSS software version 20 was uti-
lized to analyse data presented in this study (IBM Corp.,
Armonk, N.Y., USA). All tests used were two-tailed and
an alpha of 0.05 was used to assess the significance of
associations tested.

Results

Sample Characteristics

A total of 119 patients were included in this study after
7, 5.47%) and
patients who received mixed doses of the vaccine (n = 2,

excluding unvaccinated patients (n =

1.56%). Mean age of patients was 48.5 £+ 13.5 years, while
mean time since starting renal dialysis was 5.09 £ 5.29
years. Blood samples were collected within 89.2 + 25.7
days of receiving the second dose of the vaccine. Sixty-
four percent of the study sample was male (n = 76), with
47.1% (n = 56) Arabs, 29.4% (n = 35), South and East

Asian, and 23.5% (n = 28) African. Renal failure was
reported to be caused by hypertension among the majority
of the sample (68.9%, n = 82). The majority of patients
included in this study were on hemodialysis three time per
week (95.0%, n = 113). According to the MOH database
(HESN) and patients self-reporting, most of the patients
were not previously infected with SARS CoV2 (70.6%, n
= 84). The majority of patients were vaccinated with
AstraZeneca (83.2%, n = 99). Seven percent (n = 8) of
patients did not respond to the vaccine. Characteristics of
patients included in this study are presented in Table 1.

Mean anti-S IgG antibodies in baseline blood samples
was 2.42 + 1.10 OD at 450 nm, while mean anti-S IgG
antibodies in follow-up blood samples was 2.52 + 1.02 OD
at 450 nm. Mean change in anti-S IgG antibodies between
baseline and follow-up blood samples was 0.09 + 0.49 OD
at 450 nm.

Correlations Between Anti-S 1gG
Antibodies Pre- and Post-Dialysis

To assess the effect of renal dialysis on the antibody levels
pre- and post-dialysis, we tested the participants' blood
samples once during the study, at one session of dialysis.
Findings of the Spearman correlation show very high
positive correlations between anti-S IgG antibodies in
pre- and post-dialysis blood samples collected (rs= 0.93,
p < 0.001). Additionally, to evaluate the stability and
durability of anti-S IgG antibody levels after different
time periods post-vaccination, we correlated the anti-S
IgG antibodies collected at baseline and follow-up blood
samples and found a high positive correlation (rs= 0.82, p
< 0.001); see Figures 1 and 2.

Sensitivity analysis was performed and, after exclud-
ing patients with previous COVID-19 infection, similar
results were obtained. Spearman correlations show very
high positive correlations between the anti-S IgG anti-
body levels of pre- and post-dialysis blood samples
collected (rs= 0.95, p < 0.001), while the correlation
between the anti-S IgG antibodies collected at baseline
and follow-up blood samples was highly positive (r;=
0.83, p < 0.001).

This result could suggest the persistence of vaccine-
induced anti-S IgG antibodies for a longer period in these
patients, which would decrease concern regarding their
fast decline because of frequent dialysis over the time
period.
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Table | Characteristics of the Study Sample (n = 119)

n %
Sex
Male 76 63.9
Female 43 36.1
Ethnicity
Arab 56 47.1
African 28 235
South and East Asian 35 29.4
Cause of renal failure
Hypertension 82 68.9
Diabetes 5 420
Hypertension and diabetes 29 24.4
Other diseases (eg heart disease) 3 2.50
Frequency of hemodialysis
Twice per week 6 5.04
Three times per week 113 95.0
Previous diagnosis of COVID-19
Yes 35 29.4
No 84 70.6
Type of COVID-19 vaccine
Pfizer 20 16.8
AstraZeneca 99 83.2

Associations Between Sample
Characteristics and Change in Anti-S IgG
Antibody Levels

Mean change in anti-S IgG antibodies in baseline and
follow-up blood samples was similar among males and
females (0.10 £ 0.55 vs 0.08 + 0.38, respectively; p =
0.376). In addition, mean change in anti-S IgG antibodies
in baseline and follow-up blood samples was similar
among Arab, African, and South and East Asian partici-
pants (0.10 £ 0.51, 0.03 = 0.16, 0.13 + 0.62, respectively;
p = 0.789).

After excluding patients with previous COVID-19
infection, similar results were obtained. Mean change in
anti-S IgG antibodies in baseline and follow-up blood

samples was similar among males and females (0.13 =
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Figure | Correlations between anti-S IgG antibody levels pre- and post-dialysis.

0.62 vs 0.14 + 0.48, respectively; p = 0.311), whereas
mean change in anti-S IgG antibodies in baseline and
follow-up blood samples was similar among Arab,
African, and South and East Asian participants (0.15 +
0.61, 0.05 £ 0.22, 0.16 = 0.67, respectively; p = 0.823).
Mean change in anti-S IgG antibodies in baseline and
follow-up blood samples was similar in patients who were
not diagnosed with COVID-19 compared to patients who
were diagnosed with COVID-19 (0.14 = 0.58 vs —0.00 +
0.03, respectively; p = 0.337). Despite the persistence in
the antibody levels of both vaccines, we found that
patients who received Pfizer had significantly higher
mean change in anti-S IgG antibodies compared to patients
who received AstraZeneca (0.41 £+ 0.94 vs 0.03 = 0.30,
respectively; p = 0.026). After excluding patients with
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Figure 2 Correlations between anti-S IgG antibody levels pre-dialysis at baseline
and follow-up.
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previous COVID-19 infection, a similar result was found
whereby patients who received Pfizer had significantly
higher mean change in anti-S IgG antibodies compared
to patients who received AstraZeneca (0.51 £ 1.04 vs 0.05
+ 0.36, respectively; p = 0.038).

No correlation was found between change in anti-S
IgG antibodies in baseline and follow-up blood samples
and time since receiving the second dose of COVID-19
vaccine (rg= —0.01, p = 0.911). This result is also of
interest as it proves the sustainability of antibody at higher
levels even a long time after receiving the two vaccine
doses.

Predictors of Change in Anti-S IgG
Antibody

Simple linear regression analysis was performed to inves-
tigate predictors of change in anti-S IgG antibody.
Participants’ age, sex, ethnicity, time since starting renal
dialysis, and previous diagnosis of COVID-19 did not
predict changes in anti-S IgG antibodies. In fact, the use
of Pfizer vaccine predicted increased anti-S IgG antibodies
(B =-0.38, SE =0.12 [95% CI: —0.61 to —0.15], R-square
= 0.08), while longer time since receiving the second dose
of COVID-19 vaccine predicted lower anti-S IgG antibo-
dies (B =—0.004, SE = 0.002 [95% CI: —0.007 to —0.001],
R-square = 0.04); see Table 2.

After excluding patients with previous COVID-19
infection. similar results were obtained. Only the use of
Pfizer vaccine predicted increased anti-S IgG antibodies
(B=-0.47, SE=0.15 [95% CI: —0.77 to —0.16], p = 0.003,
R-square = 0.10), and longer time since receiving the
second dose of COVID-19 vaccine predicted lower anti-
S IgG antibodies (B = —0.005, SE = 0.002 [95% CI:
—0.009 to —0.001], p = 0.029, R-square = 0.06).

Discussion
Undesirably, responsiveness to immunization in patients
suffering from renal disease can be weakened due to the
changes in the function of the immune system; therefore,
they are described as members of an increased risk
population.'® The key goal of the COVID-19 vaccine is
to create immunity to the viral spike protein of the virus.
Vaccine-mediated immunity to the SARS-CoV-2 is gener-
ated to prevent the interaction between its spike protein
and angiotensin-converting enzyme 2 (ACE-2).'? Patients
with kidney diseases should be selected for COVID-19
vaccination and the existing information recommends
that replication-defective viral-vectored and mRNA vac-
cines are safe for administration to this population.?’
Findings of the present study are in line with those of
previous studies showing that patients on maintenance HD
mount a humoral immune response following COVID-19
vaccines.”’ Our cohort in the current study received two
of either BNTI162b2 (Pfizer) or ChAdOxI
(AstraZeneca). The first is an mRNA-based vaccine, a

doses

lipid nanoparticlecapture that encodes perfusion-stabilized
full-length spike proteins.** The latter is a vector vaccine
that uses the full-length codon for the S-protein.”> The
main finding from our study is that a great percentage of
our patients were able to yield an immune response to
these two vaccines. Additionally, we showed that Pfizer
vaccine is superior to AstraZeneca in terms of maintaining
higher anti-S IgG antibodies. We also found that all the
respondent patients (n = 95) maintained detectable anti-S
IgG antibodies at higher levels (from 1.02 to 3, with a
mean of 2.85 OD units). This result aligns with a study
conducted by Grupper et al, who found that a higher
percentage of patients on dialysis maintained higher titra-
tions of anti-S antibodies after the second dose of the

Table 2 Predictors of Changes in Anti-S IgG Antibodies in Baseline and Follow-Up Blood Samples Among Vaccinated Renal Failure

Patients on Hemodialysis

SE P 95% Confidence Interval | R-Square
Age, years —0.01 0.00 0.108 —0.01 to 0.00 0.02
Sex (male = |; female = 2) —0.02 0.09 0.834 —0.21 to 0.17 0.00
Ethnicity (Arab = I; African = 2; South and East Asian = 3) 0.01 0.05 0.874 —0.10 to 0.11 0.00
Time since starting renal dialysis, years 0.00 0.0l 0.857 —0.02 to 0.02 0.00
Type of COVID-19 vaccine (Pfizer = |; AstraZeneca = 2) —0.38 0.12 0.001* —0.61 to —0.15 0.08
Time since receiving the second dose of COVID-19 vaccine, days | —0.004 | 0.002 0.023* —0.007 to —0.001 0.04
Note: *Alpha = 0.05.
Risk Management and Healthcare Policy 2021:14 https: 5085
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Pfizer vaccine.* Additionally, a recent study showed that
vaccine-induced humoral immune response caused sero-
conversion efficacy (> 95%) in dialysis patients that was

analogous to medical personnel.”

Moreover, a recent
study also is in agreement with ours but they also mea-
sured the neutralizing activity as they showed 82% of the
patients on dialysis developed neutralizing antibodies after
the second dose.?®

This result gives a very positive message as evidence
of the efficiency of the vaccines and sustainability of the
vaccine-induced humoral immune response. Our result is
in agreement with a recent work on comparing humoral
response to mRNA and an adenovirus vector-based SARS-
COV2 (Ad26.COV2.S) vaccine in dialysis patients, which
suggested consideration of the former vaccines over the
latter for dialysis patients because of their prolonged
higher antibody levels for a longer time.?’

Our results could suggest the persistence of vaccine-
induced anti-S IgG antibodies for a longer period in these
patients, which would decrease concern regarding their
fast decline because of frequent dialysis over the time
period. It is worth noting that almost 98% of the patients
were scheduled to attend the renal dialysis center three
times per week. Despite this, they maintained higher anti-
body levels even though there was also a long time period
between receiving the second vaccine dose and our study
sampling.

Unfortunately, we found that 8.26% (n = 10) of the
vaccinated patients included in this study were non-
responders and had undetectable antibodies. All the non-
responders (10.1%, n =10) received AstraZeneca vaccine.
Data from the mRNA vaccine trials propose a strong anti-
body response is retained for up to three months, but we
have no data beyond this in the general population and no
data beyond 30 days in patients on dialysis." However, our
data show persistence of antibodies for more than four
months after receiving the second dose.

Hypertension was the major cause of our patients' renal
failure (90.6%); they were either hypertensive-only
(66.4%) or hypertensive and diabetic (24.2%) simulta-
neously. Hypertension and diabetes are risk factors for
SARS-CoV-2 infection. Additionally, hypertension and
diabetes mellitus are common comorbid conditions that
accounte for the high risk factor in COVID-19 disease
severity and mortality.”® Several predictive factors have
been associated with COVID-19 severity, such as wea-
kened

response.zg Unfortunately, 8% of the vaccinated patients

immune response and raised inflammatory

involved in our study were non-responders and had unde-
tectable antibodies. Therefore, we suggest that more boost-
ing or a higher dose could be investigated in those non-
responders; alternatively, other administration routes for
vaccinations could be considered, such as an intranasal
vaccine.’*>! Whether IgG antibodies last and lead to pro-
tective immunity against future SARS-CoV-2 infection
needs more investigation.

Causes of seroconversion failure in dialysis patients indi-
cate a need for immune monitoring as well as adjustment of
vaccination practices. A complete understanding of the vac-
cination-induced modifications in SARS-CoV-2 specific
immunity can allow substitute vaccination strategy or
improvement of new vaccine formations. Consequently, a
comprehensive study of SARS-CoV-2 cellular immune
response is needed to get a conclusion about vaccine-derived
immunity in renal dialysis patients. Worries raised by the
health authority over the antibody waning in patients who are
under prolonged renal dialysis concern these patients.
Therefore, recommendations from scientific advisory orga-
nizations, such as the WHO, CDC and European Medicines
Agency, should be followed regarding vaccinating those
patients at high risk from the SARS-COV2. Authorized
COVID-19 vaccines offer a great amount of protection
from becoming extremely ill or indeed dying from the dis-
ease (https://www.cdc.gov/coronavirus/2019-ncov/vaccines/

recommendations-process.html, https://www.who.int/emer

gencies/diseases/novel-coronavirus-2019/covid-19-vac

cines/advice and https://www.ema.europa.eu/en/news/ema-
ecdc-update-covid-19, accessed 20-09-2021).
We showed that there were no associations between

anti-S IgG antibody levels and sex or ethnicity of patients.
Additionally, the mean change in anti-S IgG antibodies in
baseline and follow-up blood samples was similar in
patients who were not diagnosed with COVID-19 and
patients who were diagnosed with COVID-19. However,
this result is in opposition to studies showing that people
with prior COVID-19 developed higher humoral immunity
after receiving the vaccines; however, those studies were
conducted on healthy individuals.**** Therefore, more
studies on hemodialysis patients are required to give a
conclusion about this phenomenon.

Due to the weakened immune response of patients
having renal dialysis, monitoring of the longevity of vac-
cine-induced antibodies against several infectious diseases
is needed. For example, the median response percentage
for Hepatitis B virus vaccine is 64% with the 3-dose plan
in comparison with up to 95% with healthy people®*. The
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ACIP recommends vaccination of one dose of the 23-
valent pneumococcal vaccine for patients with CKD.*
While patients with renal disease retained a lessened
immunologic response, fruitful immunization of them is
likely, which will reduce the possibility of problems from
vaccine-preventable illnesses.*®

Presently, in the absence of randomized trials, no opti-
mum vaccination strategy in CKD patients is existing.
Moreover, several policies are applied to heighten the
vaccine-induced seroconversion proportion in progressive
CKD patients. Extra investigation is necessary to expand
magnitudes of sero responsiveness. However, obedience to
the offered vaccination recommendations is extremely
necessary in these immunocompromised patients.

Our study is the first to investigate the effect of HD on
IgG antibody levels among a relatively large and multi-
ethnic sample. However, our study has some limitations.
First, humoral response to the vaccines was evaluated in a
single-center small-sized cohort, which restricted statisti-
cal analyses and might cause bias. Second, it is limited by
the lack of sequential blood samples taken after the parti-
cipants received the first and second vaccine doses. Third,
data on vaccine-induced cellular immunity were not inves-
tigated. Fourth, samples included at baseline were not
collected after the second vaccine dose at a fixed time
(2-3 weeks). Fifth, we did not compare our results to
those of a control group. Lastly, because of the lack of
facilities, we could not perform the neutralization assay for
the samples. Finally, as our study is observational, there is
an inconsistency in the time between the receiving of the
second dose and antibody measurement, which might be a
possible cause of bias.

In conclusion, the majority of the patients included in
this study were able to yield an immune response to the
vaccine after receiving the two doses. Persistence of IgG
antibodies in the majority of the patients on HD in
response to COVID-19 vaccines is encouraging in terms
of continuing to vaccinate this category of patients in

addition to monitoring them.
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