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Abstract 

Background: Immunocompromised (IC) patients are at higher risk of severe SARS‑CoV‑2 infection, morbidity, and 
mortality compared to the general population. They should be prioritized for primary prevention through vaccination. 
This study aimed to evaluate the efficacy of COVID‑19 mRNA vaccines in IC patients through a systematic review and 
meta‑analysis approach.

Method: PubMed‑MEDLINE, Scopus, and Web of Science were searched for original articles reporting the immu‑
nogenicity of two doses of mRNA COVID‑19 vaccines in adult patients with IC condition between June 1, 2020 and 
September 1, 2021. Meta‑analysis was performed using either random or fixed effect according to the heterogeneity 
of the studies. Subgroup analysis was performed to identify potential sources of heterogeneity.

Results: A total of 26 studies on 3207 IC patients and 1726 healthy individuals were included. The risk of seroconver‑
sion in IC patients was 48% lower than those in controls (RR = 0.52 [0.42, 0.65]). IC patients with autoimmune condi‑
tions were 54%, and patients with malignancy were 42% more likely to have positive seroconversion than transplant 
recipients (P < 0.01). Subgroup meta‑analysis based on the type of malignancy, revealed significantly higher propor‑
tion of positive seroconversion in solid organ compared to hematologic malignancies (RR = 0.88 [0.85, 0.92] vs. 0.61 
[0.44, 0.86], P = 0.03). Subgroup meta‑analysis based on type of transplantation (kidney vs. others) showed no statisti‑
cally significant between‑group difference of seroconversion (P = 0.55).

Conclusions: IC patients, especially transplant recipients, developed lower immunogenicity with two‑dose of 
COVID‑19 mRNA vaccines. Among patients with IC, those with autoimmune conditions and solid organ malignancies 
are mostly benefited from COVID‑19 vaccination. Findings from this meta‑analysis could aid healthcare policymak‑
ers in making decisions regarding the importance of the booster dose or more strict personal protections in the IC 
patients.
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Introduction
Immunocompromised (IC) patients include individuals 
with over-activation or suppression of the immune sys-
tem due to primary disease or treatment regimens [1]. The 
most common conditions in this group are malignancies, 
inherited or acquired immunodeficiency diseases, autoim-
mune diseases, transplant recipients, and other conditions 
requiring long-term corticosteroid [1]. IC conditions are 
estimated to affect approximately 2.7% of United States 
adults [2]. Such patients are at higher risk of severe SARS-
CoV-2 infection, extended hospitalization, intensive care 
admission, and mortality compared to the general popula-
tion [3–7]. Besides, prolonged viral shedding and potential 
sources of novel SARS-CoV-2 variants in this population 
are also of particular importance [8–10]. Thus, IC patients 
should be prioritized for primary prevention through Cor-
onavirus infectious disease 2019 (COVID-19) vaccination.

Global efforts have been taken to develop SARS-CoV-2 
vaccines since the initiation of the current COVID-19 
pandemic. The mRNA vaccines (i.e., mRNA-1273 and 
BNT162b2) are the most commonly approved vaccines 
worldwide which are utilized in different clinical trials on a 
global scale [11]. The overall efficacy and safety of COVID-
19 vaccines in phase III trials were promising [12], sparking 
global hope toward ending the current outbreak. However, 
the application of COVID-19 vaccines in patients with 
impaired immune systems remains an ongoing subject of 
debate as they were excluded from the original trials [13, 
14]. Due to either the primary disease or the immunosup-
pressive treatments, IC patients are more likely to show 
a weak or suboptimal immune response to COVID-19 
vaccines, given previous studies on influenza vaccines 
[15]. Hence, real-world statistics regarding the efficacy of 
COVID-19 vaccines are required to provide physicians 
a better insight towards decision-making in this group of 
high-risk patients.

This study aimed to systematically review the literature 
and analyze the pooled effectiveness of COVID-19 vacci-
nation in IC patients compared to healthy controls using 
meta-analysis. We also assessed the efficacy of mRNA 
vaccines in IC patients based on their etiological factors, 
including malignancy, transplantation, and autoimmune 
diseases.

Methods and materials
Protocol and literature search
This systematic review and meta-analysis study was 
conducted according to the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.

PubMed-MEDLINE, Scopus, and Web of Science were 
searched for original articles reporting the efficacy in 
adult patients with IC conditions between June 1, 2020 
and September 1, 2021. The search terms were as follows: 
((COVID-19) OR (SARS-CoV-2) OR (novel coronavi-
rus)) AND ((vaccine) OR (vaccination)) OR (vaccinated)) 
AND ((immunocompromised) OR (immunosuppressed) 
OR (corticosteroid) OR (chemotherapy) OR (cancer) OR 
(malignancy) OR (rheumatologic disease) OR (immuno-
deficiency) OR (autoimmune) OR (AIDS) OR (HIV) OR 
(transplant)).

The references of the selected articles were further 
screened to search for potentially relevant articles. Two 
reviewers independently performed the literature search, 
and any disagreement regarding study inclusion was 
resolved by consensus. The authors were not blinded to 
the authors, institutions, or journals while selecting stud-
ies or extracting data. EndNote version ×9 was used for 
literature management.

Eligibility criteria
Studies investigating the immunogenicity of COVID-
19 mRNA vaccination in IC patients were eligible for 
inclusion. The included studies met the following crite-
ria. (1) Population: studies on IC patients with a sample 
size ≥ 30 participants and control group of healthy indi-
viduals. IC patients included patients with solid organ or 
hematologic malignancies who receive chemotherapy, 
patients with inherited or acquired immunodeficiency 
diseases, patients with autoimmune or rheumatologic 
diseases, patients with other conditions (i.e., asthma) 
receiving long-term corticosteroid, and transplant recipi-
ents. (2) Intervention: mRNA COVID-19 vaccination. 
(3) Study design: all retrospective and prospective stud-
ies, as well as clinical trials with a healthy control group, 
were included. (4) Outcomes: the main outcome of this 
study was seroconversion in IC patients using anti-SARS-
CoV-2 spike IgG after the second dose of COVID-19 
mRNA vaccines. The subgroup analysis was performed 
to determine the efficacy of COVID-19 mRNA vaccines 
in different groups of patients based on the etiology of 
the IC condition.

The exclusion criteria were as follows: (1) reviews and 
editorials; (2) case reports or case series < 30 patients; 
(3) partially overlapping patient cohorts; (4) articles 
not written in English; (5) single-arm studies or with a 
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non-healthy control group; and (6) non-human studies. 
Two reviewers independently reviewed the literature in 
consensus.

Data collection
Eligible studies were evaluated by two experts indepen-
dently. The following data were extracted from each 
included publication: author, date of publications, coun-
try of origin, study design, study sample size, the defini-
tion of IC conditions, inclusion and exclusion criteria, the 
number of IC patients, variables matched, the proportion 
of male, mean age, duration of disease, type and etiol-
ogy of the immunodeficiency and its proportion to the 
total population, type of vaccination, and efficacy of the 
vaccination.

Any conflicts in data extraction were discussed or con-
sulted by a third expert and resolved.

Quality assessment
National Institutes of Health (NIH) quality assessment 
tool [16] was used to evaluate the included studies. The 
scores of 11–14, 6–10, and 0–5 were considered good, 
fair, and poor quality, respectively. Moreover, the studies 
were evaluated in terms of methodology by two experts 
independently; any conflict of opinion was discussed or 
referred to a third expert and resolved.

Statistical analyses
STATA version 16 for Windows (Stata Corp, College Sta-
tion, Texas) was utilized for the meta-analysis. At least 
three studies in each group were required to synthe-
size the data on outcomes. The heterogeneity of stud-
ies was measured using  I2 or Q test. A fixed model was 
employed if the heterogeneity of studies was below 40% 
and a random effect model in case of heterogeneity above 
40%. Effect measures were calculated as relative risk 
(RR), but relative risk reduction (RRR; 1-RR) values were 
reported in the results section for better interpretation. 
Also, based on the heterogeneity of studies, either meta-
regression analysis or subgroup analysis was performed 
for potential moderators. Moreover, funnel plot asym-
metry and the Eggers test were used to assess publication 
bias. In case of significant publication bias, the adjust-
ment was performed for the effect size using the trim-
and-fill method. A P-value less than 0.05 was considered 
statistically significant.

Results
Study selection
The study selection flowchart is presented in Fig. 1. The 
literature search, after removing duplicates, resulted in 
2093 studies, of which 1992 were considered irrelevant 
following title and abstract screening. Of the remaining 

101, a further 75 were removed according to the exclu-
sion criteria. Therefore, in total, 26 studies [17–42] were 
eligible for the meta-analysis of seroconversion after the 
second dose of the vaccine.

Characteristics of included studies
Characteristics of the included studies are provided in 
Table 1. All 26 included studies on 3207 IC patients and 
1726 healthy controls showed that 65.8% IC patients and 
99.2% healthy controls had seropositive IgG tests follow-
ing the second dose of COVID-19 mRNA vaccines. All of 
the studies were conducted in 2021. Sample sizes, from 
which relevant data were available for extraction, varied 
from 40 to 807. Participants’ mean age ranged from 42 to 
71.4 years. The majority of the studies [19, 21, 24–26, 28, 
30–35, 37–42] had a prospective cohort design (n = 18). 
Five studies [18, 20, 22, 23, 29] had a retrospective cohort 
design and three [17, 27, 36] were cross-sectional.

Seroconversion in immunocompromised patients vs. 
controls
Meta-analysis of 26 studies  (I2 = 99.10%) revealed that 
positive seroconversion risk in IC patients were 48% 
lower than healthy controls. (RRR = 0.48; 95% CI 0.35, 
0.58; P < 0.01). Subgroup meta-analysis based on the type 
of IC (i.e., autoimmune, transplant, and malignancy), 
revealed a statistically significant between-group dif-
ference (P < 0.01) (Fig.  2). When comparing each two 
subtypes of immunodeficiency, the results showed that 
IC patients due to transplant were less likely to develop 
positive seroconversion than IC patients due to autoim-
mune disorder (P < 0.01) as well as IC patients due to 
malignancy (P < 0.01). There was no statistically signifi-
cant difference in seroconversion between IC patients 
with an autoimmune disorder and those with malignancy 
(P = 0.19).

Seroconversion in patients with autoimmune disease vs. 
controls
Four [21, 22, 35, 38] of the included studies were 
conducted on IC patients with autoimmune immu-
nodeficiency. Although the proportion of positive sero-
conversion in these patients was lower than the controls, 
the pooled analysis showed no statistically significant 
difference in relative risk reduction of seroconversion 
between two groups (RRR = 0.13; 95% CI −  0.01, 0.25; 
P = 0.07) (Fig. 2).

Seroconversion in patients with malignancy vs. controls
Meta-analysis of 9 studies [17, 19, 24, 25, 27, 29, 31, 
32, 34]  (I2 = 97.92) revealed IC patients with malig-
nancy were 0.25 times less likely to seroconvert than 
healthy controls (RRR = 0.25; 95% CI 0.11, 0.37; P < 0.01). 
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Subgroup meta-analysis was conducted based on type 
of malignancy (hematologic vs. solid organ). Four [24, 
25, 29, 34] of the studies were on patients with hemato-
logic malignancy and three [17, 19, 31] were on patients 
with solid organ malignancy. The relative risk reduction 
of seroconversion among IC patients with hematologic 
malignancies was significantly higher than those with 
solid organ malignancies (RRR = 0.29; 95% CI 0.14, 0.56 
vs. RRR = 0.12; 95% CI 0.08, 0.15; P = 0.03) (Fig. 3).

Seroconversion in transplant recipients vs. controls
Of the included studies, 13 [18, 20, 23, 26, 28, 30, 33, 
36, 37, 39–42] were on IC patients due to transplanta-
tion (including kidney transplant, heart, lung, and liver). 
The meta-analysis of the 13 studies  (I2 = 94.67%) showed 
transplant recipients were 67% less likely to develop sero-
conversion than controls (RRR = 0.67; 95% CI 0.53, 0.76; 
P < 0.01). Seven [20, 23, 26, 28, 39, 40, 42] of the included 
studies were on patients with kidney transplant, and the 
remaining [18, 30, 33, 36, 37, 41] were on patients with 
different transplants; none of which with more than three 
studies to be separated in the subgroup analysis. Hence, a 

subgroup meta-analysis was conducted based on the type 
of transplantation (kidney vs. others (including heart, 
lung, and liver)). The analysis did not reveal any statis-
tically significant difference in relative risk of serocon-
version in patients with kidney transplant compared to 
other types of transplants (RRR = 0.70, 95% CI 0.53, 0.80) 
vs. RRR = 0.22; 95% CI 0.34, 0.79; P = 0.55) (Fig. 4).

Quality assessment of included studies
Quality assessment of the included studies is presented 
in Additional file 1: Table S1. The majority of the studies 
(n = 18) [17–19, 22–24, 26, 28, 29, 31, 32, 34, 35, 38–42] 
were of good quality and 8 [20, 21, 25, 27, 30, 33, 36, 37] 
had fair quality.

Publication bias
Funnel plot for seroconversion was asymmetrical and 
Egger test showed statistically significant evidence of 
publication bias (P < 0.01, z = −  9.09). Trim-and-fill 
method was used to adjust the effect size (pooled esti-
mate = 0.87; 95% CI 0.85, 0.88; number of studies = 84) 
(Fig. 5).

Fig. 1 The PRISMA 2009 flow diagram of the study
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Discussion
Immunodeficiency comprises a wide range of disorders 
from primary (e.g., congenital) to numerous secondary 
conditions acquired consequently to a disease process 
or its treatment (e.g., human immunodeficiency virus 
(HIV) infection, radiation therapy, and immunosup-
pressive medications) [43]. Although inconclusive, it 
has been shown that IC patients might be at a higher 
risk of severe COVID-19 [44, 45]. On the other hand, 
a limited number of studies revealed reduced vaccine 
efficacy of vaccines in IC patients [46]. Nevertheless, 

data are limited on the efficacy of COVID-19 vaccines 
in this critical group of patients.

In this meta-analysis on the immunogenicity of 
COVID-19 mRNA vaccines in IC patients, we found 
a lower risk of positive seroconversion in this group 
of patients compared to healthy controls. In addition, 
subgroup analysis revealed a significantly lower risk 
of positive seroconversion in transplant recipients 
than patients with autoimmune disorder or malig-
nancy. Intriguingly, COVID-19 mRNA vaccines seem 

Fig. 2 Meta‑analysis of seroconversion in immunocompromised patients vs controls, based on type of immunodeficiency
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to achieve lower efficacy in patients with hematologic 
malignancies compared to solid organs.

The controls were all healthy individuals, and a lower 
risk of positive seroconversion might not be surpris-
ing as observed with the administration of previous 

vaccines (e.g., Influenza vaccine) [47]. However, it does 
not undermine the importance of vaccines in IC patients, 
as evidence highlights that the immune response after 
vaccines is more robust than that of natural SARS-CoV-2 
infection [48, 49]. It can also imply the importance of 

Fig. 3 Meta‑analysis of seroconversion in immunocompromised patients with malignancy vs controls, based on type of malignancy

Fig. 4 Meta‑analysis of seroconversion in transplant patients vs controls, based on type of transplant
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booster dose administration in this group of patients. As 
per recent Center for Disease Control and Prevention 
(CDC) guidelines, patients with moderately to severely 
compromised immune systems are recommended to 
receive an additional dose of COVID-19 mRNA vaccine 
[50]. Furthermore, studies have shown the promotion 
of immune response in transplant recipients receiving 
the third dose of mRNA vaccines, namely mRNA-1273 
(Moderna) and BNT162b2 (Pfizer-BioNTech) [51, 52]. 
However, a dichotomous view toward the booster dose 
seems insufficient since the degree and etiology of immu-
nosuppression tend to be two important factors regard-
ing immune response and the need for an additional 
dose [53]. Whether a booster dose is necessarily associ-
ated with an enhanced immune response is also a mat-
ter of debate. There is evidence that initial post-vaccine 
antibody titer was predictive of response to booster, and 
some IC patients will never mount an antibody response 
[54], and a more restricted personal protection is highly 
recommended even after vaccination [55].

Interestingly, our analysis revealed significantly lower 
relative risk of positive seroconversion in patients with 
transplant compared to patients with autoimmune dis-
orders or malignancies. A study by Evison et  al. on the 
efficacy of the Influenza vaccine, showed that the vac-
cine response rate was higher among patients with HIV 
and patients who received dialysis compared to renal 
transplant recipients and patients with a rheumatologic 
disease [56]. This can be justified by the fact that treat-
ment regimens may be an important contributing factor. 
Mycophenolate mofetil has been shown to accompany 
less immune response compared to a regimen consist-
ing of prednisone, cyclosporine, and azathioprine [57–
59]. These drugs, which are used to prevent allograft 

rejection, interfere with T and B cell activation and pro-
liferation, leading to the impediment of antibody gen-
eration [60]. Although we did not find any significant 
difference between kidney transplant and other organ 
transplant recipients, transplant recipients seem to be 
more vulnerable to vaccine failures in general, and spe-
cial attention should be directed toward this group of 
patients. Studies proposed some approaches to increase 
the immunogenicity of vaccines in transplant recipients, 
such as modulation of immunosuppression, adjuvants, 
intradermal injection, high antigen doses, and booster 
administration [60].

Hematologic diseases are believed to have the highest 
level of immunosuppression among malignancies [61]. 
This group of patients also has 3- to 4-fold higher rates of 
severe/critical COVID-19 disease and mortality [62, 63]. 
Hematologic malignancies are associated with  immune 
dysfunction with alterations in both innate and adap-
tive immunity [64]. Cytopenia, B/plasma cells reduc-
tion, hypogammaglobulinemia, and anti-cancer therapy 
are among the underlying cause of immunodeficiency in 
these patients [65]; thus, a lower vaccine efficacy might 
be observed consequently, which is consistent with our 
findings of the lower immunogenicity of mRNA vaccines 
in patients with hematologic malignancies.

Although the included four studies demonstrated no 
statistically significant difference in relative risk of sero-
conversion between autoimmune disease and control, it 
still should be interpreted with caution because of lim-
ited sample sizes and strong heterogeneity. Autoimmune 
diseases are a group of heterogenous diseases treated 
by numerous drugs. For instance, a study of 27 subjects 
with systemic-onset juvenile idiopathic arthritis (sJIA) 
found no significant difference between the efficacy of 

Fig. 5 Funnel plot a and trim‑and‑fill funnel plot b for meta‑analysis of seroconversion in patients with immunodeficiency
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the influenza vaccine in sJIA patients and healthy con-
trols [66]. They also showed that the duration of tocili-
zumab administration did not impact the response to the 
vaccine. Also, another recent study showed that although 
short-term corticosteroid therapy reduces reactogenic-
ity of the first dose of ChAdOx1 nCoV-19, it does not 
weaken its immunogenicity [67]. On the other hand, a 
preliminary report (preprint) shows that methotrexate 
might hamper humoral and cellular immune response to 
COVID-19 mRNA vaccines [68]. Conspicuously enough, 
more in-depth investigations are needed in this scope.

It is also worth mentioning that there are numerous 
approaches to assessing of immune response after vac-
cine administration which are related to anti-SARS-
COV-2 recombinant spike, receptor binding domain, or 
neutralizing IgG or total antibodies [53]. We included 
articles with the main outcome of anti-SARS-CoV-2 
spike IgG level; however, seropositivity may not necessar-
ily show protection against SARS-CoV-2 [54], and rou-
tine assessment  of COVID-19 vaccine responses is not 
recommended [54].

Another important aspect of vaccine immunogenic-
ity can be rendered by T-cell response. T-cell response 
seems to be achieved efficiently after the second dose 
of either BNT162b2 mRNA or ChAdOx1 nCoV-19 vac-
cines [69]. The T-cell response should also be prioritized 
besides the induction of neutralizing antibodies. T cells 
are an indispensable part of immune response with the 
presence of subprotective antibody titers in IC patients 
[70]; e.g., patients with agammaglobulinemia tend to 
conquer COVID-19 showing the importance of cellu-
lar immune response when there is inefficient humoral 
response [71–73]. However, there is a lack of data regard-
ing T-cell response in IC patients, and more studies are 
indeed needed.

We confined this meta-analysis to mRNA vaccines due 
to limited studies on other COVID-19 vaccine types and 
to reduce heterogeneity. However, a study by Boekel et al. 
on the development of antibody in patients with autoim-
mune diseases did not show any significant difference 
between immunogenicity induced by an mRNA vaccine 
(BNT162b2) and a viral vector type (ChAdOx1 nCoV-19) 
[74]. It has also been shown that inactivated COVID-19 
vaccine (CoronaVac) can induce an immune response in 
patients with immune-mediated disease; still, the titer of 
antibody is associated with age and type of immunosup-
pressive therapy [75].

This study indeed has some limitations. There was a 
lack of data regarding HIV and other primary immuno-
deficiency disorders, and they are not included in this 
meta-analysis. Furthermore, we included studies with 
both retrospective and prospective designs, which may 
reduce the level of evidence. One of the major limitations 

of this review was the high heterogeneity of the stud-
ies. This could be explained by the different quantitative 
methods used in the studies, different measurement kits 
and cutoff points to determine a positive seroconversion. 
Moreover, ethnicity, different types of mRNA vaccines, 
and study design (i.e., retrospective or prospective) could 
have been the potential sources of heterogeneity. Further 
assessment and studies are required in this field.

Conclusion
The risk of positive seroconversion in IC patients was 
almost half of those in healthy individuals. However, IC 
conditions due to autoimmune disorders did not lower 
the risk of positive seroconversion, but more compre-
hensive investigations are needed. Among IC conditions, 
transplant recipients induced the lowest immunogenic-
ity with a 67% lower risk of seroconversion than healthy 
individuals. Besides, we found that vaccination among IC 
patients with hematological malignancy induced a lower 
risk of seroconversion than those among IC patients with 
solid organ malignancy. Findings from this meta-analysis 
could aid healthcare policymakers in making decisions 
regarding the importance of the booster dose or more 
strict personal protections in the IC patients.
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