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Real-world data suggests that protection against COVID-19 declines a few months 

after vaccination, particularly in the elderly and immunocompromised individuals. 

Our study aimed to analyze the humoral response induced by a third supplemental 

dose of BNT162b2 vaccine in a mixed group of immunocompromised individuals 

by determining anti-spike (anti-S) IgG antibody titers at baseline (pre-third 

vaccine dose) and 4 weeks after the dose.  

Serum samples were obtained from a total group of 85 immunocompromised 

individuals (history of cancer: n=20, lymphoma: n=4, leukemia: n=3, transplant 

recipients: n=4, autoimmune disease: n=42, inflammatory disease: n=6, 

autoimmune diabetes type 1: n=6) all of whom had previously received a two-

dose schedule of the vaccine. The average number of days between 2nd and 3rd 

dose was 139.6145 (±41.39071). The overall IgG GMCs four weeks post 

vaccination were increased by more than 35 times (fold change = 35. 30, 

p<0.001). Fold changes were not significantly correlated with underlying 

condition, age, sex nor with days between 2
nd

 and 3
rd

 dose.  

Considering the predominance of omicron variants in the current period and the results 

of studies showing a decrease in the effectiveness of the 3rd dose after 10 weeks we 

highly recommend a fourth dose to this vulnerable population group. 

Keywords: BNT162b2 mRNA COVID-19 vaccine; immunogenicity; antibody titers; 

immunocompromised adults; SARS-CoV-2; 3rd dose; Greece 

Introduction 

The rapid development and subsequent authorization of vaccines against SARS-

CoV-2 has been an important step towards the management of the COVID-19 

pandemic.
1 

The efficacy of the vaccines administered so far is beyond doubt 

managing to reduce, fundamentally, the severe forms of the COVID-19 disease 

and hence the mortality worldwide. Nevertheless, real-world data suggested that 

the humoral immune response and protection against SARS-CoV-2 infection and 

disease seem to be declining a few months after vaccination, particularly in the 

elderly and immunocompromised individuals.
2
 

Immunocompromised people, like those with solid or haematological 

malignancies, hematopoietic stem cell transplantation and those with autoimmune 

diseases or receiving immunosuppressive drugs, are among those most susceptible 

to COVID-19 infection. Studies indicate a reduced antibody response in 

immunocompromised people following a primary vaccine series, compared to 
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healthy vaccine recipients.

3,4 
Observation of SARS-CoV-2–specific immune 

response in individuals with defined immunodeficiencies revealed that defects in 

humoral immunity have been associated with incomplete immune control of 

SARS-CoV-2, prolonged viral culture and shedding.
5 

In addition, studies have 

shown that patients requiring immunosuppressive treatment for autoimmune and 

inflammatory rheumatic diseases have worse outcomes from COVID-19 

compared with patients without such conditions.
6
 

Finally, it is worth mentioning, that immunocompromised people are more likely 

to develop breakthrough infections. Since 40% of hospitalized breakthrough cases 

are immunocompromised people 
7 

to minimize the risk of COVID-19 

breakthrough infections among vaccinated immunocompromised people, many 

countries prioritized this group to receive an additional vaccine dose. The Greek 

Ministry of Health announced a deployment plan in early autumn, in order to 

administer a third dose of the BNT162b2 mRNA COVID-19 vaccine, starting 

with immunocompromised patients on September 15, 2021. The third dose was 

only given to people who had received the second dose at least 3 months before.  

Immune responses following SARS-CoV-2 additional doses vaccination, have not 

been adequately studied in potentially immune vulnerable patient groups. This 

study aimed to analyze the humoral response induced by a third supplemental 

dose of BNT162b2 vaccine in a mixed group of immunocompromised individuals 

by determining anti-spike (anti-S) IgG antibody titers at baseline (pre-third 

vaccine dose) and 4 weeks post third BNT162b2 additional dose. 

Material – Methods 

Serum samples were obtained from a total group of 85 immunocompromised 

individuals all of whom had previously received a two-dose schedule of the 

vaccine with a three-week dosing interval. In particular, on the day of the third 

vaccination, blood was drawn, prior to administration of the additional dose, for 

baseline serology assessment of receptor-binding domain (RBD) IgG antibodies 

titers. Four weeks following the third dose, testing for RBD IgG titers, was 

repeated to assess the humoral response to the vaccine. The participants were 

classified into two groups. Ιn the first group (n=31), patients with a history of 

solid organ or hematologic cancers and recipients of hematopoietic cell or solid 

organs transplant were included. (History of cancer: n=20, lymphoma: n=4, 

leukemia: n=3, transplant recipients: n=4). The second group (n=54) composed of 
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patients with autoimmune diseases or patients under immunosuppressive therapy 

(Autoimmune disease: n=42, Inflammatory disease: n=6, autoimmune diabetes 

type 1: n=6). Written informed consent was obtained from all participants. 

Approval of the study protocol was obtained by the ethics committee of the 

scientific council of the G. Gennimatas General Hospital (protocol 

number:1/13.1.2021), in accordance with the Declaration of Helsinki and the 

International Conference on Harmonization for Good Clinical Practice.  

Titers of total RBD-specific IgGs against SARS-CoV-2 were determined using the 

SARS-CoV-2 IgG II Quant assay on the ARCHITECT System (SARS-CoV-2 

IgG II Quant, Abbott Sligo, Ireland) on participant-derived serum samples. The 

SARS-CoV-2 IgG II Quant assay is used to monitor antibody response in 

individuals that have received the COVID-19 vaccine, by quantitatively 

measuring IgG antibodies against the spike RBD of SARS-CoV-2.  

The geometric mean concentration (GMC) and respective 95% confidence 

intervals were calculated based on the recorded antibody concentration values.  

RT-PCR was performed οn seven participants who became infected with SARS-

CoV-2, two to five months after the 3rd dose vaccination, found positive by the 

AllplexTM SARS-CoV-2 Master Assay (Seegene Inc. Taewon Bldg.91, Ogeum-

ro, Songpa-gu, Seoul, 05548, Korea).
 

PCR was performed with a CFX96- Dx Touch Real-Time PCR Detection System 

(Bio-Rad, USA) and results were analysed with Seegene Viewer V1.0 software 

(Seegene). Furthermore, detection of Omicron variant (B.1.1.529) was achieved, 

using AllplexTM SARS-CoV-2 Variants I Assay (HV69/ 70del E484K N501Y – 

spike variants) and AllplexTM SARS-CoV-2 Variants II Assay (W152C L452R 

K417N K417T-spike mutations) (Seegene Inc. Taewon Bldg.91, Ogeum-ro, 

Songpa-gu, Seoul, 05548, Korea).  

The participants were encouraged to fill and submit spontaneously to the Greek 

regulatory agency for medicines (EOF) the Individual Case Safety Report (ICSR) 

form for any suspect adverse event, especially the SAEs (serious adverse events) 

and the SUSARs (suspected unexpected serious adverse events).  

Descriptive statistics were based on geometric means of concentrations (GMC) of 

anti-SARS-COV-2 spike IgG (AU/ml) and the corresponding 95% confidence 

intervals by groups of interest (group 1and 2, gender, COVID-19 infection after 

3
rd

 dose). Independent samples t tests were used for the assessment of differences 



 

This article is protected by copyright. All rights reserved. 

A
c

c
e

p
te

d
 A

r
ti

c
le

 
of log10 IgG levels for two group means comparisons. Correlation analysis was 

performed for the study of linear relationships between continuous variables of 

interest (fold changes due to booster dose, age, days between 2ndand 3rddose). 

Stata 16.1 (Stata Corp. LLC, College Station, TX) was used for data analysis. 

RESULTS 

Our study included 85 vulnerable participants whose anti-RBD IgG titers were 

determined just before and one month after the third dose administration. Among 

them, 39 (45.9%) were male with a mean age of 62.72±13.16 years. The average 

number of days between 2nd and 3rd dose was 139.6145 (±41.39071). 

At baseline, the measured levels of IgG GMC, were 363.87 (185.38, 714.22) 

AU/ml in the 1
st
 group, which then increased after the 3

rd
 dose to 12874.01 

(9106.99, 18199.2) and the correspondents of the 2
nd 

group were 437.38 (308.09, 

620.93) at baseline and 17430.22 (14690.71, 20680.6) after the additional dose. 

The overall IgG GMCs four weeks post vaccination compared to those pro 3
rd

 

dose value, were increased by more than 35 times (fold change = 35. 30, p<0.001) 

(Table 1). After the 3
rd 

booster dose, there were non-significant differences 

between the two groups (p=0.338) (Figure 1). Furthermore, fold changes were not 

significantly correlated with age (r=0.013, p=0.908) nor with days between 2
nd

 

and 3
rd

 dose (r=0.167, p=0.131) (Figure 2). Only seven subjects were infected 

with the Omicron variant (B.1.1.529) two to five months after the third dose. All 

of the patients with subsequent COVID-19 infection, developed only mild disease, 

and no one required oxygen support. There were consistently non-significant 

differences between antibody levels of those infected after the third dose relative 

to those non-infected (Figure 3). Regarding reactogenicity, adverse events were 

not systematically recorded in our study. However, none of our study participants 

declared an ICSR submission, evidence confirming the absence of serious adverse 

events in this study.  

Discussion 

This study evaluated the serologic response to a third BNT162b2 mRNA vaccine 

dose in a mixed cohort of immunocompromised patients. The main result of our 

study was that the third dose of vaccine allows boosting the humoral response to 

SARS-CoV-2 in this population. Indeed, the humoral response to the third 

homologous additional dose of BNT162b2 vaccine was found to be significantly 

higher (about 35 times) than the baseline immune status prior to the third vaccine. 
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All patients produced sufficient levels of anti-S IgG antibodies except one with 

lymphoma history. Similar trends were observed in studies where the third dose 

was administered in patients receiving hemodialysis or peritoneal dialysis.
8
 

A significant number of vulnerable people enrolled in our study (n=20) reported a 

history of cancer. We observed a strong and effective humoral response to the 

third dose, even the ones with low titles before administration. Shapiro et al. found 

that among 88 patients with cancer who received booster vaccinations, 64% were 

seropositive prior to booster vaccination, and 36% seronegative and even those 

patients who received therapy within 30 days of booster vaccination had a 

statistically significant chance for seroconversion.
9
 

Zeng et al. demonstrated that the diagnosis of a solid cancer per se does not 

appear to negatively impact the humoral immune response to booster-mediated 

protections against SARS-CoV-2 variants, including Omicron. They also 

examined the nAb titers against the Omicron, D614G, and Delta variants for 

patients with cancer who received a third dose of vaccine and overall, booster 

recipients exhibited dramatically increased nAb titers. Their results indicate a 

stronger and much broader neutralization even in the Omicron variant after the 

booster vaccination.
10  

In our study were included three patients with history of leukemia who showed a 

significant increase in the immune response after 3
rd

 dose administration. 

Similarly, in a study conducted by Heirishanu et al. in patients with chronic 

lymphocytic leukemia who failed to achieve a humoral response after the standard 

2-dose vaccination regimen, a significant immune response was observed to a 

third BNT162b2 mRNA COVID-19 vaccine.
11

 

Concerning transplant recipients, vaccination with a third dose elicited 

significantly higher antibody titers compared with the very low levels observed at 

baseline to four participants. Similarly, 44% of solid-organ transplant recipients 

who had been seronegative after 2 doses of BNT162b2 became seropositive after 

a third vaccine dose.
12

 Likewise, Hod et al. found that a booster dose elicited a 

strong and effective humoral response in renal transplant recipients who were 

either seropositive or seronegative before the administration of the 3
rd

 dose.
13 

54 patients with chronic autoimmune disease were involved in our study, who 

developed a significant higher immune response compared to that at baseline. 

These results demonstrate that a 3rd dose may be extremely useful, for the 
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prevention of severe disease, hospitalization and deaths of infections caused by 

SARS-CoV-2, in this patient group. This is of utmost importance since patients 

with autoimmune disease are more at risk of serious COVID-19 infections. 

Indeed, Papagoras et al. proved that the hospitalization and mortality rates were 

higher in unvaccinated (29% and 4%), than the fully vaccinated rheumatic patients 

(10% and 0%).
14

 

In accordance with our study are the results of a recently published very 

interesting network meta-analysis which found that the effect of two dose mRNA 

vaccines is weaker in those who are immunocompromised than in those who are 

non-immunocompromised but a three dose mRNA regimen works comparably 

well in the non-immunocompromised and immunocompromised individuals. 

Further, that a three-dose regimen is similarly effective in all age groups, even in 

people over 65.
15

 

Finally, in our study seven participants were infected with the Omicron variant 

(B.1.1.529), two to five months after the third dose. Owing to the large number of 

mutations in the spike protein,
16

 there is concern that this variant will exhibit 

substantial escape from vaccine-elicited immunity. Although data suggests that 

three doses of heterologous or homologous booster vaccination had a 25-100-fold-

increase in neutralizing titers against Omicron variant, compared to two-dose 

vaccinations,
 17 

recent studies demonstrate a decrease in the effectiveness of the 3rd 

dose after 10 weeks
18

 and that antibody titers diminish more rapidly in 

immunocompromised patients than healthy individuals 
19 

while a study in Israel 

provided evidence for the effectiveness of a fourth vaccine dose in subjects having 

received a third dose more than 4 months earlier.
20 

Limitations 

Limitations of this study include a small and heterogeneous convenience sample 

and the absence of assays for neutralizing antibody, B-cell memory, and T-cell 

responses. Furthermore, measurement of antibody titers six months after the third 

dose is pending, however it has already been planned. These limitations may be 

addressed in further studies. 

Conclusions 

Overall, our findings verify the strong immunogenicity elicited by the 3rd dose of 

BNT162b2 vaccine in all categories of immunocompromised participants, 
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highlighting the importance of the third dose. Continued monitoring of vulnerable 

patient groups is of paramount importance for deciding the vaccination scheme for 

this population. Considering the predominance of omicron variants in the current 

period and the results of studies showing a decrease in the effectiveness of the 3rd dose 

after 10 weeks we highly recommend a fourth dose to this vulnerable population group. 
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Figure 1. Boxplots of antibody levels (logarithmic scale) of the 2 groups before 

and 4 weeks after the 3
rd 

dose 

 

Figure 2. Scatterplot matrix depicting the relationship between fold changes in 

IgG after the booster dose against the subjects' age and days between second and 

third dose. No significant relationships were found.  
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Figure 3. Boxplots of antibody levels (logarithmic scale) of subjects infected 2-6 

months after the 3rd booster dose versus those not infected. No significant 

differences were observed. 

Table 1. Geometric means of concentrations (GMC) and fold changes of anti 

SARS-CoV-2 Spike IgG antibodies before and 4 weeks after 3rd-dose 

administration between the 2groups and between infected and not infected 

subjects after 3
rd

dose. 

Group 1: cancer, lymphoma, leukemia, transplants. Group 2: autoimmune, type I 

diabetes, irritated bowel 
 

Groups 
GMC (95% CI) 
Before booster dose 

GMC (95% CI) 
After booster dose 

Fold Change p-
value 

Group 1(n=31) 
 

363.87  
(185.38,714.22) 

12874.01 
(9106.99,18199.2) 

35.38 
(25.48,49.13) 

<0.001 

Group 2 (n=54) 495.27  
(365.98,670.24) 

17430.22 
(14690.71,20680.6) 

35.19 
(3.86,40.14) 

<0.001 

p-value 0.338 0.079 0.903  
     

     
No-COVID after 3rd 
dose(n=72) 

 

437.38  
(308.09,620.93) 

14802.39 
(12312.52,17795.76) 

33.84 
(28.66,39.96) 

<0.001 

COVID after 3
rd
 

dose(n=7) 
573.53 
(261.17, 1259.44) 

23211.73 
(11537.69,46697.76) 

40.47 
(37.08,44.18) 

<0.001 

p-value 0.643 0.151 0.631 
 

 

     
Female (n=46) 

 
513.55  
(343.81, 767.10) 

15947.25  
(12619.20,20153.00) 

31.33 
(22.66,43.32) 

<0.001 

Male (n=39) 
 

370.87  
(228.27, 602.57) 

15195.57  
(11930.26,19354.59) 

36.04  
(26.17,49.63) 

<0.001 

p-value 0.296 0.775 0.579  
     

Overall (n=85) 442.17  
(325.40, 600.85) 

15606.72 
(13229.01,18411.78) 

35.30 
(30.64,40.65) 

<0.001 
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