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ARTICLE INFO ABSTRACT

Keywords: Since the beginning of vaccination programs against COVID-19 in different countries, several populations such as
Transplantation patients with specific immunological conditions have been considered as the priorities for immunization. In this
Cancer

regard, patients with autoimmune diseases or those receiving immunosuppressive agents and anti-cancer ther-
apies, need special attention. However, no confirmed data is presently available regarding COVID-19 vaccines in
these populations due to exclusion from the conducted clinical trials. Given the probable suppression or over-
activation of the immune system in such patients, reaching a consensus for their vaccination is critical, be-
sides gathering data and conducting trials, which could probably clarify this matter in the future. In this review,
besides a brief on the available COVID-19 vaccines, considerations and available knowledge about administering
similar vaccines in patients with cancer, hematopoietic stem cell transplantation, solid organ transplantation,
multiple sclerosis (MS), inflammatory bowel disease (IBD), and rheumatologic and dermatologic autoimmune
disorders are summarized to help in decision making. As discussed, live-attenuated viruses, which should be
avoided in these groups, are not employed in the present COVID-19 vaccines. Thus, the main concern regarding
efficacy could be met using a potent COVID-19 vaccine. Moreover, the vaccination timing for maximum efficacy
could be decided according to the patient’s condition, indicated medications, and the guides provided here. Post-
vaccination monitoring is also advised to ensure an adequate immune response. Further studies in this area are
urgently warranted.

Multiple sclerosis
Inflammatory bowel disease
Vaccination

Hematologic malignancies

1. Introduction platforms, administration schedules, and efficacies. However, the race is

being continued with many other vaccines under evaluation in different

Coronavirus disease 2019 (COVID-19) caused by severe acute res-
piratory syndrome coronavirus-2 (SARS-CoV-2) has become a disastrous
pandemic since its first outbreak in Dec. 2019 [1]. Until July 7, 2021,
more than 184 million people were infected by COVID-19 leading to
over four million deaths [2]. While vaccines and drugs are two arms in
controlling the pandemic, from the beginning of the pandemic, many
efforts have been devoted to the development of both solutions [3,182],
especially safe and effective vaccines as one of the most reliable in-
terventions to suppress viral transmission [5].

Presently, several vaccines are available worldwide with different

clinical trial phases, which can boost the vaccination process if
approved, especially those that are already in phase 3 (All vaccines in
phase 3 and 4 clinical trials are summarized in Table 1). In the United
States, three COVID-19 vaccines are authorized for emergency use,
namely Pfizer-BioNTech, Moderna, and Janssen vaccines, which are all
non-living vaccines. Pfizer-BioNTech and Moderna vaccines are
nucleoside-modified mRNA vaccines; and the Janssen vaccine is a re-
combinant replication-incompetent adenovirus type 26 (Ad26) [6]. In
Britain, the United Kingdom Medicines and Healthcare Products Regu-
latory Agency approved the Oxford-AstraZeneca vaccine, which is a
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recombinant replication-incompetent chimpanzee adenovirus vector
encoding SARS-CoV-2 spike (S) protein [7]. Two other adenovirus
vector vaccines are produced in Russia and China named Sputnik V®
and CoronaVac®, respectively, which are authorized by their origin
countries [8,9] and are being used in some other parts of the world as
well.

Considering the importance of vaccination to control the pandemic,
immunization of special subgroups such as elderlies and patients with
chronic diseases, is of high importance. It is proven that the incidence of
severe COVID-19 is much more in individuals with underlying comor-
bidities [10,11]. Given this, patients with specific immunological defi-
cits, such as patients with autoimmune diseases or those receiving
immunosuppressive or anti-cancer agents, need special attention. Be-
sides, vaccination in these patients is somehow problematic due to the
probable suppression or over-activation of the immune system. Despite a
vast number of conducted studies in regards to vaccination and the
approval of several SARS-CoV-2 vaccines, such special patient groups
were excluded in the performed trials. Hence, there remain questions
about the efficacy and safety of vaccination in immunocompromised
patients, and the lack of data to evaluate the risk/benefit balance of
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vaccination in these groups makes decision-making difficult. In light of
these problems, formulating an effective and safe vaccination program
for patients with immunological diseases requires attention and further
investigations in this field. In this study, we tried to collect the presently
published data on COVID-19 vaccination in immunocompromised pa-
tients and the recommendations from different societies so far to suggest
some advice for safe and efficient vaccination in this population.

2. COVID-19 and immune system

As a pathogen enters the body, both innate and adaptive immunities
are activated in order to eliminate the pathogen. If the immune system
cannot act efficiently against pathogens, an illness appears. The innate
immunity provides a fast and non-specific response, while the adaptive
immunity responses are slow, pathogen-specific, and long-lasting. With
this aim, helper T cells make B cells produce antibodies. Besides, cyto-
toxic T cells invade the cells infected by viruses and force them to die
[12]. Although the above-mentioned general immunity procedure is
usually induced against SARS-CoV-2, some defects might be caused by
the virus in the immune system mechanism, such as interrupting the

Table 1
COVID-19 vaccines that are in phase 3 or 4 of clinical trials, based on WHO report on July 6, 2021 [56].
Developer Platform Clinical trial Number of Dose schedule in healthy ~ Study
phase doses cases (day) report
1 Sinovac Research and Development Co., Ltd Inactivated virus 4 2 0, 14 [57,59]
2 Sinopharm + China National Biotec Group Co + Wuhan Institute of Inactivated virus 3 2 0,21 -
Biological Products
3 Sinopharm + China National Biotec Group Co + Beijing Institute of Inactivated virus 4 2 0,21 -
Biological Products
4 Institute of Medical Biology + Chinese Academy of Medical Sciences  Inactivated virus 3 2 0, 28 [61]
5 Research Institute for Biological Safety Problems, Rep of Kazakhstan Inactivated virus 3 2 0,21 -
6 Bharat Biotech International Limited Inactivated virus 3 2 0,14 [62]
7 Shifa Pharmed Industrial Co Inactivated virus 2/3 2 0,14 -
8 Shenzhen Kangtai Biological Products Co., Ltd. Inactivated virus 3 2 0, 28 -
9 Valneva. National Institute for Health Research. Inactivated virus 3 2 0,21 -
10  Erciyes University, Turkey Inactivated virus 3 2 0,21 -
11 AstraZeneca + University of Oxford Viral vector (Non- 4 1-2 0, 28 [7,45]
replicating)
12 CanSino Biological Inc./ Beijing Institute of Biotechnology Viral vector (Non- 4 1 0 [64]
replicating)
13 Gamaleya Research Institute; Health Ministry of the Russian Viral vector (Non- 3 2 0, 21 [8]
Federation replicating)
14 Janssen Pharmaceuticals Viral vector (Non- 4 1-2 0or0, 56 [65]
replicating)
15 ReiThera + Leukocare + Univercells Viral vector (Non- 2/3 1 0 -
replicating)
16 Medicago Inc. Virus like particle 2/3 2 0, 21 [66]
(VLP)
17 Novavax Protein subunit 3 2 0,21 [67]
18  Anhui Zhifei Longcom Biopharmaceutical + Institute of Microbiology,  Protein subunit 3 2-3 0, 28 or 0, 28, 56 [68]
Chinese Academy of Sciences
19 Clover Biopharmaceuticals Inc./GSK/Dynavax Protein subunit 2/3 2 0, 21 -
20 Sanofi Pasteur + GSK Protein subunit 3 2 0, 21 -
21 EpiVacCorona (EpiVacCorona vaccine based on peptide antigens for Protein subunit 3 2 0,21 -
the prevention of COVID-19)
22 Instituto Finlay de Vacunas Protein subunit 3 2 0, 28 -
21 Center for Genetic Engineering and Biotechnology (CIGB) Protein subunit 3 3 0, 14, 28 or 0, 28, 56 -
23 Vaxxinity Protein subunit 2/3 2 0, 28 -
24  Federal Budgetary Research Institution State Research Center of Protein subunit 3 2 0,21 -
Virology and Biotechnology “Vector”
25  West China Hospital + Sichuan University Protein subunit 3 2 0, 28 -
26 Inovio Pharmaceuticals + International Vaccine Institute + Advaccine DNA based vaccine 2/3 2 0, 28 [69]
(Suzhou) Biopharmaceutical Co., Ltd
27  AnGes + Takara Bio + Osaka University DNA based vaccine 2/3 2 0, 14 -
28  Zydus Cadila DNA based vaccine 3 3 0, 28, 56 -
29 Moderna + National Institute of Allergy and Infectious Diseases RNA based vaccine 4 2 0, 28 [70]
(NIAID)
30  Pfizer/BioNTech + Fosun Pharma RNA based vaccine 4 2 0,21 [53,71]
31 CureVac AG RNA based vaccine 3 2 0, 28 -
32 Academy of Military Sciences (AMS), Walvax Biotechnology and RNA based vaccine 3 2 0,14 or 0, 28 -
Suzhou Abogen Biosciences
33 Moderna TX. Inc. RNA based vaccine 2/3 3 0, 21, 35 -
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interferon signaling pathway [13,183].
3. COVID-19 vaccines
3.1. Inactivated vaccines

Inactivated vaccines are a kind of whole-cell vaccines in which the
pathogenic materials of the causing pathogen or a very similar one are
destroyed by chemicals (such as formaldehyde or beta-propiolactone),
radiation, or heat. This demolishes the pathogen’s ability to replicate
while keeping its immunization potential [14]. Therefore, the organism
cannot revert to a more pathogenic form, and the chance of interference
is quite low [15]. Both neutralizing antibody (nAb) response and sero-
conversion have been observed in inactivated vaccines. Besides, it is
shown that there would be a more potent response when the interval
between two doses expands from 14 days to 21 days (increased sero-
conversion from 85.7% to 100%) [16,17]. In general, these vaccines are
quite safe and very stable and have shown good results in immuno-
compromised patients [18]. A downside of inactivated vaccines is the
high quantity of the immunogen required to reach an adequate antibody
response. Additionally, they can create a substantial humoral response
but only a slight cellular immunity [19]. Other drawbacks include major
laboratory facilities needed to grow the pathogen [20]. Moreover, pro-
ducing the vaccine on a large scale and the inactivation process can be
time-consuming thereby limiting vaccine production and making diffi-
culties in developing vaccines with sufficient titers. Hence, due to the
large amounts of vaccine required to evoke sufficient antibody response,
the cost might increase drastically. Besides, the physical or chemical
methods used to inactivate the pathogen could weaken its immunoge-
nicity due to altering the DNA sequence, capsid, and protein structure
[21]. In general, these changes might diminish the expected cell-
mediated and mucosal immune responses, which could decrease the
spectrum and effectiveness of the vaccine [15]. However, utilizing two
or three booster doses can help to maintain adequate immunity in long
term [18], and adding adjuvants such as aluminum or MF59 can help
improve cellular or humoral responses depending on the adjuvant type
[21,22].

One of the inactivated vaccines manufactured for the COVID-19
infection is CoronaVac® or Sinovac® containing the inactivated virus
and aluminum as an adjuvant. After the second injection, high neutral
antibodies can be seen in patients, but the T cell response is quite low.
However, the added aluminum adjuvant can help to initiate a T-helper 2
response [17,23]. Studies indicated that the level of post-injection
neutral antibody decreased with aging. Thus, it is recommended to
elevate the dosage in [25].

3.2. Protein subunit vaccines

Subunit vaccines merely consist of the immunogenic proteins
derived from a pathogen, which can stimulate the host’s immune system
[4]. The proteins can be easily produced by recombinant DNA tech-
niques [184]. They have some other advantages due to their structure,
such as lacking active pathogens and triggering a specific immune
response against the main antigenic proteins or epitopes of the path-
ogen. These characteristics give rise to their high safety [4]. However,
they usually generate a weak immune response [26] due to mounting a
poor innate immune response, inadequate activation of
antigen-presenting cells (APCs), and limited stimulation of B cells and T
cells [27]. Therefore, their immunogenicity needs to be enhanced by
other strategies such as using adjuvants [4,185], carriers, or nanotech-
nology approaches [26]. Moreover, multiple doses of this kind of vac-
cine are advised for long-lasting immunization. To overcome these
limitations, an empty virus shell with coronavirus’ structure was sug-
gested. However, manufacturing of this structure is complicated [28]. In
the case of SARS-CoV-2, the S protein and its fragments including S1, as
well as the RBD (receptor-binding domain) and N (nucleocapsid)
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proteins are candidate for subunit vaccine development. Most of the
in-development vaccines have employed RBD as the antigen, since im-
munization against it may protect the host cells from viral binding to
ACE2 and invasion into host cells [29]. As reported, an anti-SARS-CoV
vaccine based on RBD antigen and alum had a high protective im-
mune response, and interestingly, RBD vaccines could minimize the risk
of host immunopotentiation [30,31]. It was shown that protein subunit
vaccines together with adjuvants generated a potent response against
SARS-CoV-2. In the case of Novavax, nAbs were 100-times higher after
the second dose and 4-times higher than symptomatic outpatients after
35 days [32].

3.3. DNA vaccines

DNA vaccines are produced by inserting the gene of an antigenic
protein into a bacteria-derived plasmid and delivering it to the host cells.
The protein-producing machinery of the host cell will translate DNA to
mRNA and finally, a protein that can stimulate the immune system
(Fig. 1). Formulation of these vaccines is designed to translocate the
gene to host cells’ nuclei. Though, some other methods such as elec-
troporation, gene gun, and jet injection might be used to enhance DNA
entry into cells [33]. APCs are among the most important recipients of
DNA plasmids, which translate them to mRNA and protein. Myocytes
and dendritic cells (DCs) are other recipients of these DNA plasmids. It is
shown that DNA vaccines can activate both cellular and humoral im-
munity. This might be due to the cross-presentation of antigens on MHC-
I and MHC-II and consequently, stimulation of both CD4* and CD8" T
cells [34]. Moreover, some intrinsic factors such as non-methylated CpG
sequences can activate the innate immunity and enhance the response of
adaptive immunity to that specific antigen [35,36].

Some advantages and disadvantages are already addressed for DNA
vaccines. Broad immunity response in both humoral and cellular arms,
no risk of pathogen replication, supporting multiple antigens in a single
vaccine, low-cost and large-scale production, and high storage stability
are some of the benefits of this vaccine platform [35]. On the other hand,
some concerns are mentioned about DNA vaccines. There is a small risk
of integration of the plasmid into the host chromosome, which should be
considered specifically in the enhanced DNA uptake systems. Further-
more, the long-term persistence of these vaccines increases the risk of
integration and the following threat of mutagenesis and oncogenesis.
Besides, antibiotic resistance markers in vector plasmids had raised
some concerns about antibiotic resistance, which has been replaced in
the newer generation of DNA vaccines. Furthermore, some adjuvants
employed in the formulation of these vaccines to enhance vaccine
immunogenicity, for example, pattern recognition protein (PRP) ligands
and IL-12, may cause unintended adverse effects [33]. Among COVID-19
in-development vaccines, Inovio is a DNA vaccine whose intradermal
injection would be followed by CELLECTRA® electroporation [37].
However, this should be considered that electroporation device, as an
essential step of administration of this vaccine, might not be available
everywhere.

3.4. Viral vector vaccines

A viral vector is a modified virus used as a means to deliver a target
gene to the host cell. Modified virus is obtained by inserting an immu-
nogenic part of the desired virus, which is the S protein gene for SARS-
CoV2 into a safe and non-pathogenic virus as a vector [38]. The virus
used as a vector does not contain pathogenic genes and cannot cause
severe adverse outcomes. Thus, they are not a threat to the patients’
safety [38,39]. Different viruses are used as vectors, such as cytomeg-
alovirus, measles, vesicular stomatitis virus, modified adenovirus, and
many others [40].

As viral vector vaccines enter the cells, they use the cells’ protein-
making machinery to produce their antigens, which are S proteins dis-
played on the cells’ surface. When these antigens are expressed on the
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Fig. 1. Schematic representation of COVID-19 vaccine platforms and their mechanism of immunogenicity.

cell surface, they trigger an immune response in the patient including
both cellular and humoral responses [26,39].

There are two types of viral vector vaccines: non-replicating and
replicating. The non-replicating vectors do not have genes responsible
for replication, so they cannot replicate and only produce virus antigens.
On the other hand, replicating vectors, multiply in the body and infect
other cells, causing all cells to produce antigens [39].

There are four non-replicating adenoviral vector vaccines for COVID-
19 at phases 3 and 4 of clinical trials. The AstraZeneca-Oxford vaccine is
composed of a chimpanzee adenovirus that is in phase 4. Moreover, the
Cansino Biologics vaccine, Janssen vaccine, and Sputnik V are at phase
3. Additionally, Beijing Wantai Biological Pharmacy, the University of
Xiamen, and the University of Hong Kong are working together on the
development of an intranasal vaccine containing a replicating viral
vector based on influenza, which is in clinical trial phase 2 [42,43].

Advantages of viral vectors include efficient gene transduction and
delivery of the gene to the target cells. Furthermore, they trigger a strong
immune response including T cells and antibodies produced by B cells
[44]. Data obtained from the AstraZeneca-Oxford clinical trials showed
that vaccination led to both T cell responses and nAbs formation. The
first dose caused the immunological memory and the second dose fixed
it. T cells peaked in 28 days after the first dose and stayed elevated in the
body for 56 days. The second dose could be administered 4-12 weeks
after the first dose. Moreover, the second administration did not affect T
cell elevation but could end in more nAb production. Trials have rep-
resented a relationship between dose intervals and nAb concentration.
As the time gap between the first and second doses gets longer, more
nAb responses would be observed [17,45].

Due to strong immune responses, this type of vaccine usually does
not need any additive adjuvants. However, in some vectors, adjuvants
may be useful [33]. Moreover, designing, modifying, and large-scale
manufacturing of adenovirus vaccines are easy [17,38]. Generally, the

virus genome does not integrate into the host’s DNA [38]; but some viral
vectors have an integration mechanism to express genes that may cause
cancers [44].

There are also some challenges including the complex technology
needed to manufacture the viral vectors. Moreover, due to previous
exposure to the virus acting as a vector, such as an adenovirus that
causes the common cold [38], patients may have pre-existing immunity
to those viruses, leading to reduced vaccine efficacy [44]. To overcome
this obstacle, scientists use uncommon viruses or viruses from other
species (such as chimpanzees) for designing viral vector vaccines [47].
The same issue could also occur in the second-dose vaccination due to
re-exposure to the same vector [39]. In this regard, using different types
of adenoviruses for the first and second doses can help to reach the
desired efficacy. For instance, Sputnik V vaccine utilizes the Ad26
serotype for the first dose followed by a boost dose with the Ad5 vector,
21 days later [48].

3.5. mRNA vaccines

mRNA vaccines area type of nucleic acid vaccines. They should reach
the ribosomes on the endoplasmic reticulum to be translated into spe-
cific proteins that could trigger the immune response in a patient. mRNA
vaccines are usually made of mRNA molecules encapsulated in lipid
nanoparticles (LNP), as shown in Fig. 1. LNP facilitate mRNA penetra-
tion into the host cell so that the translation process can be initiated
[14]. The cellular immune response is seen when the S proteins are
presented to immune cells either by the MHC class I or II complex,
activating both CD4" and CD8" cells. However, their main mechanism is
activating the humoral immune response. When naive B cells are acti-
vated due to their exposure to the S proteins, they start to proliferate and
differentiate into either memory B cells or plasma cells with the ability
to secret antibodies. Hence, when the virus carrying the antigen enters
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the body, the antibody will bind to the antigen, block it, and prevent the
infection [50,51].

Two important mRNA vaccines for COVID-19 are mRNA-1273 by
Moderna TX, Inc and BNT162b1 by BioNTech-FosunPharma-Pfizer.

— The mRNA-1273 vaccine encodes the stabilized pre-fusion form of
the S proteins ofSARS-CoV-2 and can trigger extremely high specific
antiviral responses against the S protein as well as nAbs, especially
after the second injection [52].

— BNT162b1 encodes the SARS-CoV-2 RBD. Moreover, adding a T4
fibritin (fold on)-derived trimerization domain to the RBD antigen
led to an increase in vaccine efficacy [52]. BNT162b1 induced high
titers of nAbs against SARS-CoV-2. Virus-specific T-helperl and
CD8"' T cells were also seen after administering the second dose
[53,54].

Some benefits of mRNA vaccines include their inability to cause
infection or insertional mutagenesis, fast uptake, and expression by the
host cells, which can be attained with the right formulation and carrier
molecules attached to the mRNA. Furthermore, their rapid and inex-
pensive production due to the high efficacy of in vitro transcription is of
great value in manufacturing mRNA vaccines [55].

A significant disadvantage of these vaccines is their unstable nature
there by requiring a storage temperature of —70 to —20 °C, which can
cause difficulties in their access and distribution. Although, utilizing
specific mutations of the gene and chemical stabilizers have allowed
keeping the mRNA vaccines at a temperature between 2 and 8 °C for a
short period [14].

4. Vaccination in immunocompromised patients

Generally, live-attenuated vaccines are not usually recommended in
primary or acquired immunodeficient patients because of the risk of
infection development by the live pathogens present in the vaccine [73].
Live-attenuated vaccines are not currently under development or
approved for COVID-19. However, almost all other types of vaccines are
found in the list of approved or understudy vaccines (Table 1).

4.1. Cancer and hematopoietic stem cell transplantation

Numerous studies imply that cancer patients are at a greater risk of
developing severe COVID-19. The more susceptibility of cancer patients
to COVID-19 is due to the immunosuppression caused by different
employed therapeutic approaches such as chemotherapy, radiotherapy,
and stem cell transplantation. For instance, a retrospective cohort study
in which 39% of patients were on anticancer therapies and 43% had
active cancer, demonstrated that patients with cancer had a higher 30-
day all-cause mortality rate, which was related to the risk factors
exclusive to cancer [74]. In another study on patients with cancer and
COVID-19 infection, patients with tumors showed an increased risk for
developing severe COVID-19 infection, poor clinical outcomes, and
death [38]. These shreds of evidence make cancer patients a priority for
COVID-19 vaccination.

Since cancer patients have a different immunological situation due to
receiving anti-cancer medications and the nature of the tumor itself,
their possible response to COVID-19 vaccines might be affected. Inmune
suppression in cancer patients who are on chemotherapy is not com-
plete, and they can show a response against vaccination. This response
varied between 10% in patients with acute lymphoblastic leukemia, who
received HBV (hepatitis B virus) vaccine, to 100% in patients immunized
by tetanus and diphtheria vaccines [75,76]. A similar response was
observed in patients who received the inactivated influenza vaccine.
Overall, it seems that vaccination can generate a proper immune
response except for periods of intensive chemotherapy [26].

Patients who are on targeted therapies, such as tyrosine kinase in-
hibitors, could produce seroprotection against the influenza vaccine,
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which was comparable to healthy individuals [77]. Controversially,
7-26% of patients on ibrutinib had impaired response and experienced
seroconversion following an influenza vaccine, while about 75% of pa-
tients could respond to the varicella-zoster virus (VZV) subunit vaccine
[78,79]. However, it seems that patients with cancer that are receiving
targeted therapies can still produce enough immune response against
vaccines [26].

Plasma-cell-depleting and lymph depleting therapies, such as anti-
CD20 and anti-CD38 monoclonal antibodies, reduced the peripheral B
cells for at least four months [80]. During this period, immunization
with influenza, Streptococcus pneumonia, and Haemophilus influenza
vaccines was impaired [81]. This suggests that patients on these medi-
cations have to postpone the vaccination for at least six months after
anti-B cell therapies [82]. It should be noted that these patients are at an
even higher risk for disease severity, long-time viral shedding, and death
[83,84]. On the other hand, it is also proposed that since vaccines pro-
duce stronger immune responses than SARS-CoV-2 infection itself, the
possible importance of strong T cell protective immunity has to be
considered as well [85].

For patients who are on immune checkpoint inhibitors (ICIs), one
expects that a proper immune response would be produced, but there is
a concern for immune-related adverse effects (IRAEs). IRAEs are ICI-
related toxicities that are due to unintended activation of the immune
system. IRAEs may occur in every organ system, but the most affected
organs are the skin, gastrointestinal system/liver, endocrine, and pul-
monary systems. The symptoms of IRAEs are different depending on the
affected organ. Dermatologic toxicity symptoms vary from dry mouth,
rash, pruritis, and mucositis to Steven-Johnson syndrome. Diarrhea,
colitis, pancreatitis, and hepatitis are examples of the GI symptoms.
Pulmonary symptoms include pneumonitis, sarcoidosis, and pleural
effusion [86]. One study showed a great risk of IRAE in patients
receiving ICIs after influenza vaccination [87]. Although, three other
similar studies did not show such effects [88]. Moreover, it seems that
radiotherapy could not completely impair the immune system and
consequent ineffectiveness of vaccine immunization. As a result, vacci-
nation in patients on radiotherapy could be safe [26].

COVID-19 prognosis is poor in patients receiving hematopoietic stem
cell transplantation (HSCT) [89]. The 30-days overall survival for HSCT
recipients was about 67% [90]. HSCT recipients should be considered as
newborns, since they are immunologically naive. It is suggested that
recognizing new antigens and producing an immune response would
take 6-12 months in these patients. The immune response to vaccines in
these patients depends on the age of vaccination, the type of vaccine,
and confrontation with the pathogen before or after HSCT [91,92].
There are different recommendations for post-HSCT vaccination based
on the type of vaccine.

Inactivated vaccines should be administrated six months after HSCT.
For example, inactivated trivalent influenza vaccine should be used six
months after transplantation [93]. Guidelines recommend that the
influenza vaccines could be administered four months after HSCT in
epidemiological conditions, and a second dose should be given four
weeks later. Live-attenuated vaccines are not recommended and if
necessary should be administered at least 24 months after HSCT in pa-
tients who did not have graft versus host disease (GVHD) and took no
immunosuppressive drugs in the last three months [93]. As an instance,
live-attenuated influenza vaccines are contraindicated in HSCT re-
cipients [94].

The trial studies regarding the effectiveness or safety of COVID-19
vaccines in cancer patients are rare, but there is one published clinical
trial on the effect of COVID-19 vaccines in cancer patients. The authors
showed that administration of one dose of Pfizer-BioNTech vaccine in
patients with cancer was well tolerated even in those who were under
immunotherapy; though, the immune response was improper at least for
five weeks. Data declared that the IgG response against SARS-CoV-2 was
13% and 39% in hematologic and solid cancer patients, respectively,
which is very low compared to healthy controls (97%). However, all



M. Negahdaripour et al.

immunological indices improved following the 21-day boost in these
patients [95]. This indicates the important role of on-time second dose
administration of COVID-19 vaccines in cancer patients, both for
pandemic control and the individuals.

Overall, most cancer treatments could not impair proper immune
response against vaccines. Moreover, most patients with cancer who
participated in a trial had a functional adaptive immunity during
COVID-19 infection [96]. Although, the immune response might be
weak in some cancer patients’ subgroups including those who are on
intensive immunosuppression or HSCT [97]. Furthermore, it should be
considered that live vaccines should not be administered in patients on
cytotoxic, lymphodepleting, or targeted therapies [98]. Giesen et al.
suggested mRNA vaccines would be safe in cancer patients [97]. Besides,
many oncology professional scientific societies including the American
Society of Clinical Oncology (ASCO), the European Society for Medical
Oncology (ESMO), Society for Inmunotherapy of Cancer (SITC), and the
American Association for Cancer Research (AACR) strongly recom-
mended vaccinating patients with cancer [99].

It is suggested that patients with advanced disease, particularly lung
cancer, who can postpone their systematic treatment for one month and
patients undergoing radical surgery who are candidate for adjuvant
systematic treatments should be vaccinated first [100]. It is proposed
that the first dose of vaccine for radical surgery-undergoing patients is
administered within 7-10 days after surgery. In breast cancer screening
trials, due to the risk of transient lymphadenopathy after vaccination,
screening examinations should be either before the first vaccine injec-
tion or 2-3 weeks after the second dose. Presently, revaccination after
immunosuppressive therapies in those who received a vaccine previ-
ously is not recommended, but administration of booster doses might be
helpful [101]. In another study, patients with active disease, hemato-
logic malignancies, and recently diagnosed solid tumors were recom-
mended as a priority for COVID-19 vaccination [97]. However, a clinical
trial on using COVID-19 vaccines in patients with cancer is presently
recruiting (NCT04715438), which can shed light on more details about
vaccination in these patients [99].

4.1.1. Summary

It seems that vaccination in all cancer patients is safe, effective, and
recommended, except for those who are on anti-B cell therapies, for
whom a 4-6 months interval is needed after medication. It is important
to complete the vaccination schedule. All types of vaccines are safe and
effective in these patients, except live-attenuated vaccines. Additional
data on the efficacy of the Pfizer-BioNTech vaccine has been presented.

4.2. Solid organ transplantation

Solid organ transplant (SOT) recipients are at a higher risk of
severeCOVID-19 due to the immunosuppression needed for avoiding
graft rejection [103]. Furthermore, it seems these patients experience
prolonged SARS-CoV-2 shedding due to corticosteroid usage, which has
been linked to the emergence of viral mutants [104,105]. Therefore,
vaccination is a crucial intervention to prevent infections and their
resultant morbidity and mortality. However, the safety, efficacy,
magnitude, and duration of SARS-CoV-2 vaccine response in SOT re-
cipients are unknown because these groups have been excluded from the
COVID-19 vaccine trials till now.

Previous studies reported lower antibody titers in immunosup-
pressed SOT recipients than the general populations following influenza,
hepatitis A and B virus, and pneumococcal vaccinations [106,107].
Taking immunosuppressive medications as well as an underlying
chronic disease may weaken the immune reaction of these patients to
immunization. A meta-analysis showed a substantially decreased
response rate following seasonal influenza vaccination in transplant
recipients receiving antimetabolites such as mycophenolate mofetil
(MMF) [108]. Another concern about the effectiveness of COVID-19
vaccines is the anti-CD20-based immunosuppressive regimen in
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transplant patients. Rituximab depletes naive B cells and impairs hu-
moral immunity [109]. In a study on early influenza vaccination (4-8
weeks) versus late vaccination (6-10 months) following rituximab, the
early vaccination group did not exhibit IgM or IgG responses, while a
significant IgG response (2.82-fold) was observed in patients receiving
the vaccine 6-10 months after rituximab usage in rheumatoid arthritis
[110]. Therefore, some studies recommend a few months’ interval be-
tween rituximab administration and vaccination [111-113], but more
clinical studies are required on this subject. Boyarsky et al. reported that
only 17% of 436 SOT recipients undergoing SARS-CoV-2 mRNA vacci-
nation developed humoral response after the first dose of these vaccines
[56]. Furthermore, older transplant recipients (adjusted incidence rate
ratio [IRR], 0.83 [95% CI, 0.73-0.93] per 10 years, P = .002) and those
receiving anti-metabolite maintenance immunosuppression therapy
(adjusted [IRR], 0.22 [95% CI, 0.15-0.34], P < .001) were less likely to
develop an antibody response according to the results of this study.
Thus, some studies suggested that vaccination could be done prior to
transplantation or be delayed until three to six months later than
transplantation, when the intensity of immunosuppression reaches its
lowest level [114,115].

There are also some important issues in regards to the safety of the
COVID-19 vaccines among SOT recipients. First, historically, vaccines
seem to be able to induce donor-specific and non-donor-specific anti-
bodies but have not been associated with graft rejection in SOT re-
cipients [116]. In this regard, the results of the Boyarsky et al. study also
showed no cases of acute rejection or allograft dysfunction following
SARS-CoV-2 mRNA vaccination of SOT patients [117]. Considering that
some SARS-CoV-2 vaccine platforms employing protein-based structures
and adjuvants have not been widely studied in transplant recipients,
theoretical concerns for possible graft rejection were also raised, which
need further studies [118]. Secondly, live-attenuated virus vaccines are
usually contraindicated in SOT recipients due to the risk of disseminated
infection [119]. Presently, no approved or in-Phase-3-trial SARS-CoV-2
vaccine is available that employs an attenuated live virus platform;
though, if such a vaccine is approved, it could be suitable just for some
non-immunocompromised pre-transplant patients who are stable on the
waitlist. Thirdly, with increasing vaccination rates around the world,
some misleading information and concerns about SARS-CoV-2 vaccines
are spreading, especially on social media. Some people suspect that the
recently approved mRNA SARS-CoV-2 vaccines can integrate into the
human genome and induce genetic manipulation [120]; while the re-
ality is that mRNA cannot replicate or integrate into the human genome,
as mRNA would be degraded following translation. Moreover, some
individuals are worried about the viral vector vaccines to induce viral
infections, especially in immunocompromised patients, but the COVID-
19 (chimpanzee) adenoviral vector vaccine (ChAdOx1-nCoV-19) is
replication-incompetent, which is encouraging when considering
vaccination of the immunocompromised transplant recipient [121].

Although concluding there commendations regarding vaccination
among SOT patients is still early, and we should wait for the results of
ongoing studies in this field, according to the published guidelines so far
[111,114,115], the following points can be mentioned:

1. All healthcare workers and household members who care for these
patients should be prioritized for COVID-19 vaccination.

2. SOT candidates should get vaccinated against COVID-19 before
transplantation whenever possible to support a proper immune
response. The best time for COVID-19 vaccine indication in the post-
transplantation period is probably a minimum of three months after
transplantation when immunosuppression is diminished and other
prophylactic medications are reduced.

3. COVID-19 vaccination should be avoided in acute cellular rejection
(ACR) status until ACR episodes are resolved, and corticosteroid high
dose usage is not required anymore.
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4. To induce a better immune response, waiting for six weeks after the
transplantation surgery is recommended before injection of the
second dose of the vaccine.

5. Double dosing of COVID-19 vaccines is not recommended in SOT
recipients.

6. For SOT patients who received anti-CD20 monoclonal antibody, six
months interval between the last rituximab dose and COVID-19
vaccination is recommended.

4.2.1. Summary

SOT candidates should get vaccinated against COVID-19 before
transplantation. The best time for vaccination is probably minimum
three months after transplantation when ACR is not presented.

4.3. Multiple sclerosis

Multiple Sclerosis (MS) is defined as a chronic immune-mediated
inflammatory disease, which causes demyelination and neuro-
degeneration in the central nervous system (CNS) and has become a
concerning issue in the COVID-19 pandemic [122]. There are contra-
dictive reports regarding the risk of COVID-19 infection in MS patients.
Some studies stated that MS patients are at no higher risk than the
general population except for patients under long-term treatment with
anti-CD20 medications, probably [123]; whereas others have shown
that patients with MS are at a greater risk of COVID-19 infection.
However, most of them do not need hospitalization and would recover
despite their comorbidity and treatment with disease-modifying thera-
pies [124]. Bsteh et al. demonstrated that only less than 1% of MS pa-
tients are at an increased mortality risk due to COVID-19 infection
[125].

MS is usually associated with other health issues. The treatments
used in MS patients can affect their immune response even in mild in-
fections due to the immunomodulatory and immunosuppressive prop-
erties of the drugs. Therefore, temporary exacerbation or even relapse
and progression of MS in COVID-19 infection should be considered.
Furthermore, studies showed that age, obesity [126], and increased
disability were related to severe clinical indications and even death
[127,128]. Shreds of evidence indicated that infectious diseases, espe-
cially infections in the upper respiratory tracts, were correlated with MS
progression and relapse. It was revealed that about 30-40% of MS pa-
tients experienced post-upper respiratory infection relapse; though, the
mechanism is still unknown [129]. Even, cases displaying exacerbation,
progression, and demyelination observed by MRI were reported during
COVID-19 infection. This highlights the importance of vaccinating MS
patients and paying special attention to them with following valid
guidelines [130].

Vaccination can be an effective way to prevent infections, but MS
patients may not display the anticipated immunization response because
of administering immunomodulatory and immunosuppressive thera-
pies. Moreover, discontinuing the routine therapeutic regimen for
vaccination could cause progression and relapse, which needs to be
taken into consideration [131,132].

Three main questions need to be asked regarding the vaccination of
MS patients:

(1) Can the vaccine cause relapse or progression in people with MS?
(2) Will the vaccine have appropriate efficacy in immunizing the
patients under MS treatment?
(3) What are the guidelines for vaccinating patients under treatment?
1. Many studies have been conducted on the vaccines, questioning
their ability to induce MS or cause relapse and progression. For
instance, several reports suggest that live-inactivated HIN1
influenza vaccination could worsen the MS status. But finally, this
hypothesis was disapproved. Thus, today there is no reliable
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proof of a connection between vaccination and relapse or pro-
gression in MS patients [133].

2. Regarding vaccine efficacy, especially in patients using therapies
such as immunomodulatory and immunosuppressive drugs, a
post-vaccination checkup is necessary for MS patients to make
sure that the immunization has occurred properly [131]. If an
adequate response is not seen, it is recommended to add another
booster vaccine [134].

3. Because COVID-19 vaccination is still at its early stages, there are
not many reports on vaccinating patients with MS. Moreover,
there is not much information on the interaction between COVID-
19 vaccines and therapies used in MS patients or the measures
that need to be taken to maximize vaccine efficacy and safety.
But, in a recent study discussing the relationship between
different medications used in MS and COVID-19, mRNA vaccines
including Moderna and Pfizer-BioNTech vaccines, the following
points were concluded [131]:

— Patients using R-interferons, teriflunomide, natalizumab, glatir-
amer acetate, or dimethyl fumarate probably have no issues
regarding vaccine safety and efficacy. Thus, the vaccine could be
administered at any given time [135].

— In patients using fingolimod, alemtuzumab, ocrelizumab, ritux-
imab, or oral cladribine, there is a possibility of insufficient
response to the vaccine [136]. In particular, an inadequate
response to the Pfizer-BioNTech COVID-19 mRNA vaccine was
reported in a 52-year-old patient with relapsing-remitting MS
using ocrelizumab (a B-cell-depleting therapy) probably due to
vaccination less than two weeks after the last ocrelizumab infu-
sion [137]. It proves the importance of post-vaccination moni-
toring and choosing the right time for vaccination to maximize
the efficacy, considering the patient’s therapeutic regimen. For
instance, it was suggested to vaccinate patients starting B-cell-
depleting therapies, such as ocrelizumab or rituximab, 4-6 weeks
before their first dose. If the patient has started therapy, the best
vaccination time is 4-6 months after the last infusion [138,139].
In the case of alemtuzumab, if the medicine has been used in the
last 12-24 months, a reduction in the vaccine efficacy may
happen. Thus, it is recommended to postpone the treatment until
vaccination is completed [140].

- In patients on immunosuppressive treatments, such as mitoxan-
trone, cyclophosphamide, azathioprine, and methotrexate,
vaccination is probably safe, but proper immunization might not
occur.

Regarding high dose corticosteroid therapy, the golden time of
vaccine administration is 4-6 weeks following the last corticosteroid
therapy to achieve optimal immunization [131,141].

4.3.1. Summary

Vaccination is recommended in all MS patients without discontinu-
ing their disease-modifying therapies, which could increase the risk of
relapse and progression. Right timing is of great importance to maximize
efficacy and immunization, especially in patients using high-dose cor-
ticosteroids and B cell-depleting therapies such as rituximab and
ocrelizumab.

4.4. Inflammatory bowel diseases

Ulcerative colitis (UC) and Crohn’s disease (CD) are two types of
inflammatory bowel diseases (IBD) in which the immune response of the
gastrointestinal system is dysregulated [142]. As COVID-19 has become
a global issue, a concern about the susceptibility and increased risk of
COVID-19infectionin IBD patients due to immunosuppressive, immu-
nomodulatory, or biological treatments has been raised.

Studies have shown that potential risk factors for SARS-CoV-2
infection include age, nutritional status, high comorbidities, and IBD
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activity [143]. Some studies demonstrated no association between IBD
treatments and COVID-19 severe infection or mortality [144,145]. On
the other hand, in the SECURE-IBD clinical trial, the use of systemic
corticosteroids and sulfasalazine was shown as serious risk factors for
poor clinical outcomes in COVID-19 patients [146,147].

Moreover, in the cohort study of the Italian Group for the Study of
Inflammatory Bowel Disease (IG-IBD), UC diagnosis was shown as a risk
factor for COVID-19 infection [145]. Additionally in a recent report,
vitamin D deficiency was mentioned to be probably related to the
severity or increased risk of COVID-19 in patients with IBD [148]. Based
on the recent data, IBD patients presented high GI symptoms such as
diarrhea because of COVID-19 infection [149].

As a result, the impact of IBD on the risk of COVID-19 infection is
controversial. Despite the above-mentioned information, there is no
solid evidence indicating that IBD patients are at a higher risk of COVID-
19 infection. Moreover, many studies declared no significant difference
between the incidence and mortality of COVID-19 in IBD patients and
the general population [144,149].

Considering the importance of vaccination to protect against COVID-
19, the safety, adverse effects, and immunogenicity of vaccines in
immunosuppressed patients such as individuals with IBD have been the
subject of debate.

Due to the exclusion of IBD patients from the third phase of clinical
trials for approved vaccines, there is a lack of data regarding vaccination
benefits, side effects, and the risk of disease activation. Nevertheless,
these vaccines are not contraindicated for people with IBD [150].

Based on previous experiences in vaccinating IBD patients for in-
fectious diseases such as pneumococcus, hepatitis A virus (HAV), HBV,
and influenza, it is possible to conclude that immunosuppressive treat-
ments can impair the immune reaction to vaccines and diminish the
immunization process efficacy. However, administration of the
mentioned vaccines in IBD patients has a low risk [150]. Moreover, the
vaccination of patients with active IBD might be impaired due to con-
current anemia [151].

Although less immune response might be observed in IBD patients,
non-live vaccines are generally safe, and most of them are recommended
for these patients [152]. However, there is a concern about the safety of
live-attenuated and inactivated vaccines as well as replicating vaccines
that may make trouble in immunosuppressed individuals [152,153]. In
this context, vaccines using adenoviruses as vectors such as the
AstraZeneca-Oxford vaccine seem appropriate in IBD patients, because
they provoke the immune system without integrating the viral genome
into the hosts” DNA. Thus, they are highly capable of producing a proper
immune response [153].

Regarding the interaction between IBD treatment and vaccination,
studies indicated that patients using anti-TNFa drugs, such as infliximab
and adalimumab, displayed impaired immune response and reduced
antibody titers to influenza [154], HBV [155], and pneumococcal vac-
cines [156]. Treatment with vedolizumab was associated with reduced
efficacy of oral cholera vaccine; but, it did not impede influenza vacci-
nation [157]. Hence, it may pertain to the mucosal vaccine delivery,
which should be taken into account for some in-development SARS-CoV-
2 vaccines [152].

The British Society of Gastroenterology (BSG) published a set of
recommendations on COVID-19 vaccination of IBD patients. According
to BSG, patients with IBD should receive vaccination as soon as possible
irrespective of the medication used, even in patients with active IBD.
However, in patients with severe IBD flares or those who need hospi-
talization, a delay in vaccination is preferred to help them recover and
be prepared for the vaccine injection. Additionally, IBD patients should
receive both doses of the COVID-19 vaccines [150].

Moreover, based on the International Organization for the Study of
Inflammatory Bowel Disease (IOIBD) international consensus meeting,
the following statements should be considered:
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— There is no association between vaccination and the onset, flares,
and exacerbation of IBD.

— IBD patients can receive non-live SARS-CoV-2 vaccines regardless of
their immune-modifying treatments.

— mRNA, replication-incompetent vector, inactivated, and recombi-
nant SARS-CoV-2 vaccines are safe for IBD patients.

— Live-attenuated COVID-19 vaccines are not safe in patients receiving
immune-modifying medications or those going to receive such
therapies in the next eight weeks.

— Immune-modifying medications taken by people with IBD should not
force them to postpone getting the vaccine [152].

Due to the reduction of vaccine efficacy in patients receiving sys-
temic corticosteroids, it is recommended to vaccinate IBD patients when
the dose of corticosteroids is at their lowest level [150].

The CLARITY IBD study indicated that antibody responses after the
first dose of vaccine in patients treated with infliximab were lower than
vedolizumab. This data was obtained following administration of Pfizer-
BioNTech and AstraZeneca vaccines. Furthermore after two doses, there
was inadequate antibody response in 18% of patients who used inflix-
imab and 8% of those administered vedolizumab [158]. Even though,
patients taking infliximab should not postpone receiving their second
dose of vaccine [159].

4.4.1. Summary

In patients with IBD, vaccination is suggested as soon as possible.
Non-live vaccines are safe in such patients. However, in patients with
severe IBD flares or those who need hospitalization, a delay in vacci-
nation is preferred. It is recommended to get a vaccine when they take
the lowest dose of corticosteroid medications.

4.5. Rheumatologic and dermatologic diseases

Patients with rheumatic diseases have been found to be at an
increased risk of infection due to the underlying inflammation and use of
immunomodulatory drugs [160]. Moreover, a higher risk of COVID-19
morbidity and mortality might be possible due to the comorbidities
present in rheumatic disease patients [161]. Although data regarding
clinical outcomes in COVID-19 patients with an underlying rheumatic
disease is very limited, the use of moderate to high doses of corticoste-
roids in such patients, possibly increases the chance of hospitalization.
On the other hand, administration of TNF« inhibitors reduced hospi-
talization odds, while using NSAIDs (non-steroidal anti-inflammatory
drugs), DMARDs (disease-modifying anti-rheumatic drugs), and JAK
(Janus kinase) inhibitors resulted in no significant change in the prob-
ability of hospitalization [162].

The innate immune system does not recognize the nucleoside-
modified mRNAs employed in Pfizer-BioNTech and Moderna vaccine
platforms, which indicates that these vaccines seem to be as safe as any
other protein conjugated vaccines. Moreover, 62 subjects (0.3%) out of
all subjects in Pfizer-BioNTech clinical trials had rheumatic diseases and
received BNT162b2. These subjects showed no relapse or flare-up of the
underlying rheumatic condition, although data is still limited [71].
Though, there is a slight probability for disease flares after vaccination
[163]. Subjects with rheumatic diseases were excluded from Moderna
vaccine clinical trials [70], and probably none has been included in the
clinical trials of the Janssen vaccine [164]. Vaccination against COVID-
19 in subjects with an underlying rheumatic disease as a part of
vulnerable subject groups has been highly recommended by the United
States Center for Disease Control and Prevention (US CDC) [6], the
British Society of Rheumatology (BSR) [165], and the American College
of Rheumatology (ACR) [166] in spite of probable adverse effects
following vaccination. In this context, vaccination in rheumatic disease
subjects during the quiescent state of the disease is highly recommended
as is the case for other vaccines in such patients [167,168]. While in
subjects with active rheumatic diseases, data is still limited regarding
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vaccine immunogenicity despite studies showing no evident correlation
between the immunogenicity of vaccines and the state of the underlying
rheumatic disease such as juvenile systemic lupus erythematosus (SLE)
[169].

Another burning question in this matter is whether to continue or
discontinue pharmacologic therapies in rheumatic disease patients
respective to SARS-CoV-2 vaccine administration. A meta-analysis in
2018 indicated that the use of methotrexate had no significant effect on
influenza vaccine immunogenicity while diminishing immunogenicity
was conveyed by the pneumococcal vaccine [170]. Moreover, it was
shown that discontinuation of methotrexate for two weeks before sea-
sonal influenza vaccine administration and two weeks after that,
improved the achieved immunogenicity [113,171,172]. Rituximab use
was shown to suppress humoral immunity as opposed to cellular im-
munity, following the reduction of nAbs [173]. Thus, the timing of rit-
uximab use is critical in achieving better vaccine immunogenicity [170].
In light of these findings, in vaccinated subjects, rituximab usage is
recommended to be started a few weeks after vaccine administration
[113,174,175]. Moreover, ACR and European League against Rheuma-
tism (EULAR) have recommended the administration of pneumococcal
and seasonal influenza vaccines at least six months after the last ritux-
imab dose administration [168,176]. In a recent update on the COVID-
19 vaccination guide, BSR has advised all rheumatic disease patients to
receive Medicines and Healthcare products Regulatory Agency (MHRA)
approved vaccines (Pfizer-BioNTech and Oxford-AstraZeneca) but sug-
gests that administration of rituximab in these subjects begin with at
least two weeks’ lay off from vaccination. It also advises in favor of
completing the two-dose vaccination before induction of immunosup-
pression with rituximab to achieve maximum vaccine immunogenicity.
Although, administration of rituximab should not be delayed in cases
with severe organ-threatening states, and vaccination should be carried
out along with the use of rituximab. Additionally, in patients with
rheumatic diseases, an alternative therapy should be considered instead
of rituximab, if the use of DMARDs or other biological treatments is
needed, noting that treatment with other agents is appropriate and
available [165]. Similarly, the continuation of other immunosuppressive
drugs has been recommended along with vaccine administration [177-
179]. The use of TNFa inhibitors and IL-17 inhibitors also was shown to
have minimal effect on vaccine efficacy, while data regarding the effect
of abatacept on vaccine efficacy is still limited [180]. Overall, further
studies should be carried out regarding the efficacy and safety of COVID-
19 vaccination along with the use of DMARDs in rheumatic disease
patients [181]. Given that some autoimmune dermatologic diseases,
such as psoriasis and lupus, are the result of disorders in the immune
system activity and inflammatory conditions, they can be regarded as
similar to rheumatologic diseases in respect to vaccination consider-
ations (as in Table 2).

4.5.1. Summary

Rheumatologic patients should be vaccinated as soon as possible,
and mRNA vaccines seem to be safe in this group. A two-week gap of
methotrexate administration before and after vaccination is recom-
mended. It is recommended to consider at least two weeks’ lay off from
vaccination for rituximab use or to change the medication to other
DMARD:s.

5. Conclusion

Based on the available data, patients with immunosuppressive dis-
eases or patients on immunosuppressive medications are prioritized to
receive current COVID-19 vaccines, besides following general pre-
cautions such as social distancing and using masks, to prevent COVID-19
infection. There is a paradox between this subject and the fact that
immunocompromised patients were excluded in the main conducted
trials of these vaccines, which are already published. Therefore, coming
to a consensus for the administration of vaccines to this population is
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Table 2
A brief on present considerations for COVID-19 vaccination in immunological
diseases.”

Immunological
conditions

Considerations regarding COVID-19 vaccination

Cancer and HSCT 1. Cancer patients can produce immune responses against
vaccines properly, except for periods of intensive
chemotherapy.

2. In patients on plasma cell-depleting and lymphode-
pleting therapies vaccination must be postponed at
least six months after the therapy.

3. Vaccination in patients using ICIs should be done, but
the probable risk of IRAEs must be considered.

4. Inactivated vaccines should be administrated six
months after HSCT.

5. Live-attenuated vaccines are not recommended in
HSCT patients.

6. mRNA vaccines are safe in cancer patients.

7. Pfizer-BioNTech vaccine can provoke a proper immune
response in both solid organ and hematologic cancer
patients.

8. Patients undergoing an oncology clinical trial are
recommended to receive the investing agent and the
vaccine with a 48-72 h interval.

9. Revaccination in patients using immunosuppressive
medications is not recommended.

SOoT 1. Older transplant recipients and patients receiving
anti-metabolite maintenance immunosuppression
therapy show lower antibody responses.

2. The optimized time for vaccination is before
transplantation.

3. The best time to administer the COVID-19 vaccine in
the post-transplantation period is likely at least three
months post-transplantation.

4. Vaccination should be avoided in acute cellular
rejection.

5. Patients who received anti-CD20 monoclonal anti-
bodies should have six months delay between the last
rituximab dose and COVID-19 vaccination.

6. Discontinuation or decreasing the dose of
antimetabolites is not recommended during
vaccination.

MS 1. Discontinuation of disease-modifying therapies
because of vaccination could cause relapse and pro-
gression in patients and is not recommended.

2. Post-vaccination monitoring is advised to ensure an
adequate immune response.

3. In case of inadequate immune responses, using booster
doses are suggested.

4. Right timing of vaccination with considering the
patients’ therapeutic regimen can drastically improve
the efficacy.

5. A 4-6-week gap between vaccination and therapy is
recommended in patients using high-dose corticoste-
roids and B- cell-depleting therapies such as rituximab
and ocrelizumab.

IBD 1. Less immune response to vaccines may be observed in
patients with IBD.

2. BSG recommends that IBD patients receive the vaccine
as soon as possible, regardless of the type of used
immune-modifying drugs.

3. Non-live, mRNA, replication-incompatible, inacti-
vated, and recombinant vaccines are safe.

4. Live-attenuated vaccines are not safe in those who
receive immune-modifying drugs at the same time or in
the following eight weeks.

5. IBD patients can use Pfizer-BioNTech, Moderna, and
AstraZeneca-Oxford vaccines. The AstraZeneca-Oxford
vaccine, which uses adenovirus vectors, is promising in
IBD patients.

6. IBD patients should receive both vaccine doses.

7. A gap between vaccination and recovery is preferred in
those who suffer from severe IBD flares or need
hospitalization.

(continued on next page)
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Table 2 (continued)

Immunological Considerations regarding COVID-19 vaccination
conditions
8. It is better to vaccinate IBD patients when they are
taking the lowest dose of corticosteroids.
9. Patients treated with infliximab should not postpone
receiving their second dose of vaccine.
Rheumatology and 1. Pfizer-BioNTech and Oxford-AstraZeneca vaccines are
Dermatology recommended by BSR.

2. Vaccination in rheumatic disease subjects during the
quiescent state of the disease is highly recommended.

3. Induction of immunosuppression is better to be
performed after the second dose of the vaccine.

4. Initiation of rituximab administration in vaccinated
subjects is recommended a few weeks after vaccine
injection.

5. The risk of immune-mediated disease flares after
vaccination should be considered, though it is rare.

HSCT: hematopoietic stem cell transplantation; ICI: immune checkpoint in-
hibitors; IRAE: immune-related adverse effects; SOT: solid organ trans-
plantation; MS: multiple sclerosis; IBD: inflammatory bowel diseases; BSG:
British Society of Gastroenterology; BSR: British Society of Rheumatology;
COVID-19: coronavirus disease-2019.

" These data are based on the present knowledge on this subject (date: July
2021).

very critical, while gathering data and conducting trials that can clarify
the outcomes and conditions is also an urgent need. Though the suit-
ability of new COVID-19 vaccines such as mRNA or viral-vectored vac-
cines for these patients is unknown, choosing an effective prophylactic
COVID-19 vaccine and avoiding live-attenuated vaccines are recom-
mended. Since there is no live-attenuated vaccine available or under-
study for COVID-19, all available vaccines could be regarded as almost
safe. On the other hand, the efficacy would be the main concern, because
the immunosuppressive medications may impair the response to vac-
cines. Hence, decision on delaying immunosuppressive therapy because
of COVID-19 vaccination will need to be evaluated and discussed taking
into account the prescribed medications and condition of each patient.

With time, dedicated COVID-19 vaccine studies on patients with
immunosuppressive diseases or those who take immunosuppressant will
reveal the pros and cons of vaccination in this heterogeneous
population.
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