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SARS‑CoV‑2 vaccines achieve an immune response comparable 
to those of immunocompetent individuals after a third dose
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Abstract
The SARS-CoV-2 vaccines trigger the production of neutralizing antibodies to the SARS-CoV-2 spike (S) protein and 
induce a T cell-mediated immune response. However, the antibody titers that confer protection against the SARS-CoV-2 
virus are currently not well-established. While immunocompetent individuals achieve a high level of immune response after 
SARS-CoV-2 vaccination, it now appears that a high proportion of immunosuppressed or immunocompromised, patients 
exhibit low or no response to two doses of the vaccines. Most non-responders are on treatment with either glucocorticoids, 
mycophenolate-mofetil (MMF), the anti-CD20 monoclonal antibody rituximab, calcineurin inhibitors like cyclosporine and 
tacrolimus, rapamycin (mTOR) signaling cascade inhibitors (i.e., sirolimus and everolimus), azathioprine, or methotrex-
ate given for a variety of diseases including autoimmune disorders, hematological malignancies, and solid cancers, while 
recipients of solid organ transplants also fall within this category. Recently, several published reports have suggested that a 
third dose of these vaccines induces an elevated antibody response against the SARS-CoV-2 S protein.
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It is now well established that most COVID-19 vaccines are 
highly effective in eliciting a robust immune response in 
immunocompetent individuals, their seroconversion being 
between 90 and 100% [1–3]. Immune response is assessed 
by measuring humoral immunity, i.e., antibodies against the 
SARS-CoV-2 S protein, or by estimating cellular immunity. 
The most common method for assessing antibody response 
to SARS-CoV-2 vaccination is assessment of SARS-CoV-
2-specific IgG levels; this method uses ELISA for the 
measurement of anti-SARS-CoV-2 Spike S1 IgG. Another 
method is a microblot-array for COVID-19 IgG using a mix 
of recombinant antigens. A third method is a chemilumi-
nescent immunoassay using a SARS-CoV-2 trimeric S IgG 
against trimeric Spike S1 protein. These, and a few other 
serological assays, although exhibiting a significant num-
ber of false negatives and/or positives, generally appear to 
be valid screening tools for assessing antibody response to 
SARS-CoV-2 vaccination [4].

It should, however, be noted that the antibody levels 
conferring protection against the SARS-CoV-2 virus are 
as yet not well-established. Several methods have been 
developed to assess SARS-CoV-2 vaccine-mediated cellu-
lar immune response, though the available procedures are 
cumbersome. One of them consists in measuring SARS-
CoV-2-specific T-cells via detection of their intracellular 
cytokine interferon-γ (IFN-γ), interleukin-2 (IL-2), and 
tumor necrosis factor-alpha (TNF-α) following 4 h stimu-
lation of peripheral blood mononuclear cells. It has been 
observed that the frequency of memory Th cell subsets 
(CD3 + CD4 + CD45RO +) appears to increase following the 
second dose of the vaccine, most of the cells being of the 
Th1 type (CXCR3 + CCR6 −). In one study, the mobilization 
of T follicular helper and B follicular cells was measured in 
the circulation following BNT162b2 vaccination. Interest-
ingly, the humoral response appears to be detectable before 
the cellular response. Several other assays are also available 
for measurement of cellular immune-response, including an 
INFγ-release assay (IGRA) and one consisting of overnight 
blood incubation with an overlapping set of spike protein 
peptides, followed by the measurement of cytokine produc-
tion using a cytometric bead array [5–9].
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Up to few months ago, there were no data regarding 
the response of immunosuppressed patients to the SARS-
CoV-2 vaccines, since the latter patients were excluded 
from the phase 3 trials that led to the emergency authoriza-
tion of these vaccines. As our experience grew, it became 
apparent that, although immunocompetent individuals 
had an excellent immune response to the vaccines, a large 
proportion of imunosuppressed patients had low or no 
response at all following two doses of SARS-CoV-2 vac-
cines. Non-responders included patients on immunosup-
pressive treatment for a variety of diseases, including auto-
immune disorders, hematological malignancies, and solid 
cancers, as well as recipients of solid organ transplants. 
The medications implicated are glucocorticoids, mycophe-
nolate mofetil (MMF) (a reversible inhibitor of inosine 
monophosphate dehydrogenase, IMPDH, the rate-limiting 
enzyme in the de novo synthesis of guanosine nucleotides 
crucial for development of T- and B-lymphocytes), the 
B cell depletion medication anti-CD20 monoclonal anti-
body rituximab, immunophilin-binding drugs including 
calcineurin inhibitors like cyclosporine and tacrolimus 
(calcineurin is involved in the production of interleukin-2, 
crucial for the development and proliferation of T cells), 
rapamycin (mTOR) signaling cascade inhibitors (i.e., 
sirolimus and everolimus, which prevent cytokine signals 
that activate T-cells), pyrimidine synthesis inhibitors like 
leflunomide and FK778, and antimetabolites such as aza-
thioprine. This commentary will not address the impact of 
these medications on the clinical course of patients suf-
fering from COVID-19 disease, i.e., glucocorticoids and 
IL-6 inhibitors (for instance, tocilizumab) which reduce 
mortality and prevent mechanical ventilation. [10–12].

Impaired immunogenicity to SARS-CoV-2 mRNA vac-
cines in immunosuppressed patients was reported in April, 
2021. Since then, multiple reports have confirmed these 
observations in several groups of patients on immunosup-
pressive treatment.

Patients on treatment for autoimmune disorders SARS-
CoV-2 antibodies were measured at baseline and prior to 
the second vaccine dose in patients suffering from inflam-
matory arthritis, systemic lupus erythematosus, Sjogren’s 
syndrome, and overlap connective tissue diseases. After the 
first vaccine dose, 74% had detectable antibody titers, the 
lowest being among patients on MMF and rituximab, while 
all the patients on anti-tumor necrosis factor (TNF) inhibi-
tors had good responses. [13] In another study, humoral 
and cellular immune responses to the COVID-19 vaccine 
BNT162b2 (Pfizer-BioNTech) were evaluated in patients 
taking methotrexate. Humoral immunity to a single dose of 
BNT162b2 was impaired by methotrexate but not by targeted 
biologics, whereas cellular responses were good for both 
treatment modalities [14].

Because of the uncertainty regarding the efficacy and 
safety of vaccination in patients with autoimmune inflam-
matory rheumatic disease (AIIRD), the Korean College of 
Rheumatology Task Force for COVID-19 Vaccine Guidance 
for Patients with Autoimmune Inflammatory Rheumatic Dis-
eases recommended that prior to vaccination, these patients 
should decrease the amount of corticosteroids to the lowest 
possible dose, while those on methotrexate were advised 
to discontinue it for a couple of weeks until the timing of 
rituximab or abatacept infusion was adjusted as per clinical 
evaluation [15].

Patients with hematologic malignancies patients with 
hematological malignancies treated with BTKIs, ruxoli-
tinib, venetoclax, or anti-CD20 antibody appeared to have 
suboptimal responses to the two doses of the BNT162b2 
mRNA vaccination [16, 17]. In a study in patients suffering 
from hematologic malignancies, 77% had a poor response 
following two doses of anti-SARS-CoV-2 vaccination. The 
patients with B cell chronic lymphocytic leukemia had the 
lowest response [18].

Patients on chemotherapy for solid cancers The patients on 
treatment of solid cancers had blunted humoral response to 
two doses of the BNT162b2 mRNA vaccination [19]. The 
titers of anti-spike antibodies were significantly lower in 
patients with solid cancers in comparison to those in healthy 
volunteers and significantly lower than in patients receiving 
chemotherapy. Titers of anti-spike antibodies did not differ 
depending on age, sex, cancer location, and metastatic sta-
tus [20]. Similarly, seroconversion rates were low in these 
patients compared to healthy controls, with the lowest rate 
observed in patients on methotrexate. On the other hand, 
cellular immune responses were induced in all groups, even 
in patients receiving methotrexate [21].

Patients on hemodialysis Humoral immune response was 
measured in patients on hemodialysis after two doses of 
mRNA-based SARS-CoV-2 vaccine BNT162b2 (Pfizer-
BioNTech). Antibody responses were evaluated with an 
anti-SARS-CoV-2 IgG ChemiLuminescent ImmunoAssay 
2 weeks after the second dose and compared with those of 
controls (healthy healthcare workers). The control group had 
a strong antibody response with a median antibody titer of 
800.0 AU/mL; meanwhile, though hemodialyzed patients of 
less than 60 years of age responded as well as did controls; 
those over 60, had significantly lower antibody titers [22]. 
In another study, SARS-CoV-2-vaccination induced sero-
conversion efficacy in dialysis patients to a degree similar 
to that of the medical personnel (> 95%), but was markedly 
impaired in kidney transplant recipients (42%). T cellular 
immunity largely mimicked humoral results. Major risk fac-
tors of seroconversion failure were immunosuppressive drugs 
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(e.g., belatacept, MMF-MPA, and calcineurin-inhibitors) 
[23]. In one other study, serological response was assessed 
at 0, 14, 28, 36, and 58 days after the first injection of the 
Pfizer/BioNTech (BNT162b2) mRNA vaccine in 78 patients 
undergoing hemodialysis, 74 kidney transplant recipients, 
and seven healthy controls. The controls had antibodies at 
a positive level (> 13 arbitrary units per ml; AU/ml) on day 
14 post-injection, which increased progressively to peak on 
day 36 (1082 AU/ml). The patients undergoing hemodialysis 
had lower titers that peaked on day 58 (276 AU/ml). A small 
percentage of kidney transplant recipients had positive anti-
body levels on day 36, suggesting that the humoral response 
following a single dose of the vaccines was strongly inhibited 
by the immunosuppressant therapy [24].

Solid organ transplant recipients Kidney transplant patients 
(136) were vaccinated with the BNT162b2 (Pfizer-BioN-
Tech) vaccine and compared with 25 controls. While all the 
controls had humoral immune response against the SARS-
CoV-2 nucleocapsid protein, this was true of only 37.5% of 
the transplanted patients. MMF and corticosteroids were the 
main variables [25]. In another recent study, the majority of 
solid organ transplant recipients did not exhibit a significant 
anti-spike antibody response to the first dose of the mRNA 
SARS-CoV-2 vaccine. Younger participants and those who 
received the mRNA-1273 (Moderna) vaccine were more 
likely to develop an antibody response [26]. Among lung 
transplant recipients, none developed anti-SARS-CoV-2 
antibodies after two doses of the mRNA BNT162b2 vac-
cine (Pfizer-BioNTech), while 85% presented an antibody 
response after SARS-CoV-2 infection [27]. Liver recipients 
vaccinated with the Pfizer-BioNTech SARS-CoV-2 mRNA-
based vaccine developed a substantially lower immunologi-
cal response compared to healthy controls. Factors influenc-
ing the serological antibody responses included age, renal 
function, and the type of immunosuppressive medications 
[28]. Only 50% of liver recipients, 33% of kidney, 20% of 
pancreas, and 12% of thoracic organ recipients developed 
anti-SARS-CoV-2 antibodies at 4 weeks after the second 
vaccine dose [29]. Two-thirds of kidney or kidney-pancreas 
transplant recipients developed either cellular or humoral 
response following two doses of mRNA SARS-CoV-2 
vaccination (mRNA-1273, Moderna). Their response was 
assessed by measuring IgM/IgG S antibodies and ELISpot 
against the nucleocapside (N) and the S protein at baseline 
and 2 weeks after the second dose. Factors associated with 
vaccine unresponsiveness were diabetes and treatment with 
anti-thymocyte globulins [30]. Data based on the measure-
ment of SARS-CoV-2 IgG antibodies after the second dose 
of the vaccine showed that only 22% of renal transplant 
recipients had a positive response to BNT162b2 (Pfizer-
BioNTech, Kronach, Germany) compared to healthcare 
workers who had a 100% positive antibody response [31]. 

Finally, only 6.2% of 145 kidney transplant recipients had 
detectable antibody response following the administration of 
a single dose of an mRNA COVID-19 vaccine [32].

While in the immunocompetent population a third dose 
of SARS-CoV-2 vaccines has been authorized and rolled 
out over the past months, since their antibody titers tend 
to diminish with time [33], in immunosuppressed patients, 
who in multiple studies showed minimal response to two 
doses of SARS-CoV-2 vaccines (i.e., they never achieved 
a good humoral response), a third or even a fourth dose 
should be made mandatory given that it can increase their 
antibody titers up to those of immunocompetent individuals. 
This renders making the administration of a third or even a 
fourth dose an immediate priority for these non-responders, 
multiple recently published reports supporting this concept. 
Indeed, the patients with solid organ transplants receiving a 
third dose of vaccine directed against SARS-CoV-2 showed 
an elevation of antibodies; this is evident in a third of the 
patients who had no previous antibody response and in all 
the patients who had low-positive antibody titers [34]. In 
another study, a third dose of BNT162b2 mRNA COVID-
19 vaccine enhanced humoral response in almost all the 
dialysis patients, but especially in those with low antibody 
titers after two doses of the vaccines [35]. In kidney trans-
plant recipients who had a weak humoral response after the 
second dose of mRNA SARS-CoV-2 vaccines, a third dose 
amplified their response, although those on triple immuno-
suppression (i.e., glucocosteroids, tacrolimus, and mycophe-
nolate) did not [36]. In a large study of 396 solid organ trans-
plant recipients, a third dose of the mRNA-based vaccine 
(BNT162b2 vaccine [Pfizer-BioNTech]) was administered 
2 months later, i.e., when the third dose was recommended 
by the French National Authority for Health. The mean titers 
of the anti-SARS-COV-2 S protein antibodies were assessed 
before the first and the second dose, and 4 weeks after the 
third dose. Among the 232 patients who were negative fol-
lowing the second dose of vaccine, 105 turned positive 
4 weeks following the third dose [37]. In cancer patients, a 
third dose of Pfizer/BioNTech mRNA vaccine elevated their 
antibody response to levels comparable to those that immu-
nocompetent individuals achieved after the second dose. The 
report, which involved patients with solid tumors on active 
cytotoxic anti-cancer therapy, compared their responses with 
those of a control cohort who also received the Pfizer/BioN-
Tech vaccine. Using live SARS-CoV-2 assays, neutralizing 
antibodies were detected in 67 and 80% of cancer patients 
after the first and second immunizations, respectively, with 
a threefold increase in median titers following the third dose 
[37]. RBD- and Spike S1-specific memory B cell subsets 
were also measured as predictors of anamnestic responses to 
viral exposures or additional immunizations. After the sec-
ond vaccination, Spike-specific plasma cell-biased memory 
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B cells were observed in most cancer patients at levels simi-
lar to those of the control cohort after their first dose [38].

In conclusion, a large percentage of immunosuppressed 
patients exhibit low or no response following two doses of 
mRNA SARS-CoV-2 vaccines. Most non-responders are 
on treatment with glucocorticoids, mycophenolate-mofetil 
(MMF), the anti-CD20 monoclonal antibody rituximab, 
tacrolimus, sirolimus, everolimus, azathioprine, or metho-
trexate for a variety of diseases, including autoimmune dis-
orders, hematological malignancies, and solid cancers, or 
are recipients of solid organ transplants. Several published 
research papers suggest that a third dose of these vaccines 
induces an antibody response against the SARS-CoV-2 S 
protein in immunosuppressed patients comparable to that 
seen in immunocompetent individuals.
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