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Abbreviations and Definitions  

Abbreviations 
 

• BNT162b2 (Pfizer-BioNTech) 
• mRNA-1273 (Moderna) 
• AZD1222 (ChAdOx1) (AstraZeneca-Oxford) 
• Ad26.COV2.S (Janssen (Johnson & Johnson)) 
• N/A = not applicable 
• N/R = not recorded 
• RCT = randomized controlled trials 
• Anti-S = antibody to Spike Protein 
• Anti-RBD = antibody to Receptor Binding Domain of the Spike Protein 
• IMM = immunocompromised 
• IBD = inflammatory bowel disease 
• RA = rheumatoid arthritis 
• SLE = systemic lupus erythematosus 
• MS = multiple sclerosis 
• IMM = immunosuppressive therapy 
• HM = hematological malignancy 
• 
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EXECUTIVE SUMMARY 

Objectives: Vaccination against COVID-19 may be less efficacious in immunocompromised 
and dialysis patients who may require booster vaccinations.  We evaluated this in a systematic 
review of the efficacy, immunogenicity, and safety of 3rd and 4th dose vaccines in the 
immunocompromised and those on dialysis. 
 
Design: This was a rapid systematic review and meta-analysis. 
 
Methods: Two reviewers assessed studies for eligibility and performed data extraction 
independently. Proportions were calculated for case series and relative risk for comparative 
studies with 95% confidence intervals and synthesised using a random effects model. 
 
Results: There is approximately a 20% reduction in vaccine efficacy in the 
immunocompromised compared to the healthy population although overall the vaccine offers 
75% protection compared to the immunocompromised that are not vaccinated for the Delta 
variant. A third vaccine led to a 19% absolute increase in seroconversion with the least 
absolute increase seen in dialysis patients (9%) and the most in transplant patients (27%).  A 
fourth vaccine resulted in 56% seroconverting who had previously been negative after three 
vaccinations. There are no safety concerns with COVID-19 vaccinations in the 
immunocompromised or in dialysis patients. A more detailed summary of the results is given in 
the table below. 
 
Conclusions: Booster COVID-19 vaccination is modestly less efficacious in the 
immunocompromised and immunogenicity data would suggest transplant patients are 
particularly vulnerable. A fourth vaccination increases seroconversion. 
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Summary of the certainty of the evidence 
 

Outcome Studies included Overall certainty of the 
evidence (GRADE) 

Key findings 

Risk of infection in the 
booster vaccinated 
immunocompromised 
compared to the healthy 
population  

One case control study 
compared 26,683 people 
that tested SARS-CoV2 
positive with 47,024 test 
negative controls.   

�é�^�^�^  Very low1 
 

94% vaccine efficacy 
(VE) at preventing 
infections in the healthy 
for Delta.  In the 
immunocompromised VE 
was 75%.  For Omicron 
the figures were 68% for 
healthy and 22% for 
immunocompromised 

Immunogenicity of a third 
vaccination 

55 before after studies 
and three RCTs.  
Assessed improvement in 
seroconversion as well as 
proportion seroconverted 
in those that were 
negative after two doses 

�é�é�é �^  Moderate2 
 

Overall, 5117 participants 
were recruited to studies 
with a 19% (95% CI = 14 
to 24%) absolute 
increase in 
seroconversion rates. 
Seroconversion increase 
was 9% in dialysis 
patients and 27% in 
transplant patients 

Immunogenicity of a 
fourth vaccination 

Four before after studies 
evaluating transplant 
patients that had not 
seroconverted or had low 
titres after three doses of 
COVD-19 vaccine.   

�é�^�^�^  
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those with and without 
immunosuppressive therapy) 

Outcomes 1. Immunogenicity: 
�x Humoral immune 

responses (e.g. 
binding antibodies, 
neutralizing 
antibodies);  

 
2. Safety:  

�x Overall adverse 
events 

�x Individual events of 
interest 

 
3. Effectiveness:  

�x confirmed SARS-CoV-
2 infection (PCR or 
serologic);  

�x asymptomatic 
infection, symptomatic 
COVID-19 disease;  

�x hospitalizations due to 
COVID-19; ICU 
admissions due to 
COVID-19;  

�x deaths due to COVID-
19 

 

Setting Population through to tertiary 
care 

 

Study designs Interventional trials, cohort, 
case-control, or before after 
studies. Case series with at 
least 100 participants for 
efficacy and safety and 10 
participants for 
immunogenicity 

Case reports 
Case series with <100 
participants for efficacy and 
safety and <10 participants 
for immunogenicity 
 

 
Methods 

Search  
A daily scan of the literature (published and preprint) is conducted by the Emerging Science 
Group at the Public Health Agency of Canada (PHAC). The scan has compiled COVID-19 
literature since the beginning of the outbreak and is updated daily. Searches to retrieve 
relevant COVID-19 literature are conducted in Pubmed, Scopus, BioRxiv, MedRxiv, ArXiv, 
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SSRN, 
Research Square and cross-referenced with the COVID-19 information centers run by Lancet, 
BMJ, 



     

The effects of third and fourth dose vaccination in immunocompromised people    
9 

Data were 



     

The effects of third and fourth dose vaccination in immunocompromised people    
10 

 
Completed quality assessments for each included study are available on request.  
 
 
Results 
There were 173 titles screened (1-173).  In addition, we included eight references (174-181) 
that were identified from a previous COVID-END review on booster vaccination.  Two 
references (182, 183) included in the previous review were excluded and replaced with more 
current data from the updated search. Overall, 74 titles were eligible to be included in the 
review. A list of excluded and included studies are given in Tables 1 and 2 and the flow 
diagram and reasons for exclusion given in Figure 1. 
 
Table 1. Ineligible studies 
 
Reference Author  Final excluded reason
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48 Mor 2021 
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109 Hadjadj 2022 Insufficient size  
110 Galmiche 2021 Systematic review for 

immunocompromised populations 
113 Brunner 2022 Insufficient size  
114 
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147 Schrezenmeier 2021 Duplicate of #2, #36 and #116, preprint of 
36, fully published as #36. 

148 Schmiedeberg 2021 Duplicate of #38 
149 Tillmann 2021 Duplicate of #39 
150 Kozak 2021 Duplicate of #40 
151 Felten 2021 Duplicate of #41. Only 10 patients 
152 Naranbhai 2021 Duplicate of #42 and preprint of #101 
153 Massa 2021 Duplicate of #43 
154 Chen 2021 Duplicate of #45 
155 Gounant 2021 Duplicate of #3, # 46 and #117 (preprint 

of #46) 
156 Sidler 2021 Duplicate of #47. 
157 Kumar 2021 Duplicate of #50. 
158 Rottenberg 2021 Duplicate of #51. 
159 Simon 2021 Duplicate of #53. 
160 Maillard 2021 Duplicate of #54. 
161 Kamar 2021 Duplicate of #55. 
162 Benotmane 2021 Duplicate of #56. 
163 Kant 2021 Duplicate of #57. 
164 Shapiro 2021 Duplicate of #58. 
165
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77 Hsu 2022 Immunogenicity 
79 Fendler 2021 Immunogenicity 
81 Reindl-

Schwaighofer 2021 Immunogenicity 
82 
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Table 1.  
 

Efficacy of third dose of COVID- 19 vaccination in preventing SARS -CoV2 infection in the 
immunocompromised 

There was one case control study (98) that compared 26,683 people that tested SARS-CoV2 
positive compared with 47,024 test negative controls.  The study was conducted in South 
California, USA, from tests done on 20th of December 2021 onwards. Overall, 57% of the 
sample were vaccinated with either one (11,899 cases, 33,107 controls), two (23,512 cases, 
73,161 controls) or three doses (14,238 cases, 66,566 controls) of mRNA-1273 vaccine.  
Those that received the vaccine < 14 days from the diagnosis of infection were excluded. The 
study was primarily in the general population but data for the 1,106 people that were 
immunocompromised was provided.  There was no data on individual immunocompromising 
conditions.  Data were provided for Omicron and Delta infections separately and results are 
given in Table 3. 
   
Table 3.  Summary of the case control study evaluating SARS-CoV2 vaccination in the general 
population and in the immunocompromised. 

 
 

 
 
 
VE = vaccine effectiveness 

N/A = not applicable  
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Chavarot 
(8) 

Before 
after 

France 181 KTRs treated  with  
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cancer therapy, 8% 
had prior Covid-19 

Bertrand 
(27) 

Before 
after 

France 403 KTR followed in 
Rouen University 
Hospital,  first 80 KTR 
pts included. None had 
covi d history 

BNT162b
2 

Anti-S IgG Median 67.5 
�����Ç�•���~�/�Y�Z���A��
57 to 70)  

One month 

Marlet 
(29) 

Before 
after 

France Patients with kidney 
transplant and also 
patients with CLL 

BNT162b
2 or 
mRNA-
1273 

Anti-S IgG 
Quant II 
(Abbott, 
Architect, 
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participated in the 
RECOVER trial , all 
treated with 
immunosuppressives  

Tillman 
(39) 

Case 
control 

German
y 

hemodialysis patients 
> 18 yrs, only patients 
with vaccination 
failure were offered 
V3- none had 
previous infection 

BNT162b
2 (97%) or 
ChAdOx1 
(3%) 

anti-RBD 
IgG (Snibe 
Diagnostic, 
Shenzen, 
China) 
 

unclear 27-36 days 

Kozak 
(40) 

Before 
after 

US Myeloproliferative 
disorders  

BNT162b
2 or 
mRNA-
1273 

anti-S Ig Median 6.8 
months 

unclear 

Sidler 
(47) 

Case 
control 

Switzerl
and 

RituxiVac study 
population receiving 
anti-CD20  

BNT162b
2 or 
mRNA-
1273 

Anti-S1 IgG unclear Median 5 
months after 
second 
vaccine (IQR 
4.1 to 6) 

Rottenber
g (51) 

Before 
after 

Israel Patients with solid 
tumors treated with 
chemotherapy, 
biologics, checkpoint 
inhibitors, or 
combinations, had 
two BNT162b2 
vaccines 

BNT162b
2 

Anti-S IgG 
(Liaison,Dia
sorin) 

Median 214 
days (range = 
172 to 229) 

Median 13 
days (IQR 1-
29) 

Simon 
(53) 

Before 
after 

German
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malignancy and s31% 
olid cancer): with one 
of the following: 
receiving active 
treatment, recipient 
of SCT or CAR-T in last 
2 yrs, having a 
�v���P���š�]�À�����•�‰�]�l�����/�P�'��
despite standard 
vaccination. Of 189, 
88 had 4 weeks follow 
up, of 88, 32 had 
seronegative before 
third dose, therefore 
two cohorts: 88 for all 
had V3, of them, 32 
�Z�������v���P���š�]�À�����/�P�'��
before V3. (7 of them 
had prior covid19 
infection) 
 

1273 
(25%)  or 
ChAdOx1 
(5%) 

Bagacea
n (59) 

Before 
after 

France with chronic 
lymphocytic leukemia 
�~���>�>�•���Á�]�š�Z�����}�v�.�Œ�u������
�‰�Œ���À�]�}�µ�•�����K�s�/��-19 
 

BNT162b
2 (84%) or 
mRNA-
1273 
(16%) 

Anti-S IgG 
Quant II 
(Abbott, 
Architect, 
Sligo 
Ireland) 

6-8 weeks unclear 

Espi (60) Before 
after 

France Maintenance 
hemodialysis patients 
from two centres that 
had received two 
BNT162b2 vaccinations 
and had not had 
COVID-19 within the 
last 3 months 

BNT162b
2  

anti-
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Ducloux 
(174) 

Before 
after 

France Hemodialysis patients 
that had not had 
previous COVID-19 
infection (by history and 
serology) and had two 
BNT162b2 vaccinations 

BNT162b
2 

anti-S1 IgG 
(Abbott) 
 

N/R 
 

1 month 

Longlune 
(175) 

Before 
after 

France Dialysis patients (88, 
hemodialysis, 24 
peritoneal dialysis) that 
had two BNT162b2 
vaccinations 

BNT162b
2 

anti-S total 
Ig (Beijing 
Wantai 
Biological 
Pharmacy 
Ent) 
 

1 month 1 month 

Massa 
(176) 

Before 
after 

France Consecutive kidney 
transplant patients from 
a single centre that had 
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two BNT162b2 
vaccinations 

 (Euroimmun
) 

 
 
 
 
 
 
 
 
 
Increase in the proportion seroconverting after  third dose of COVID-19 vaccination in 
the immunocompromised and dialysis patients 

 
There were 27 studies (1, 6, 18, 23, 27, 29, 40, 51, 60, 75, 77, 79, 82, 85, 87, 91, 97, 102, 108, 
174, 175, 176, 177, 178, 179, 180, 181) that reported on this outcome.  Overall, 5117 
participants were recruited to studies with a 19% (95% CI = 14 to 24%) absolute increase in 
seroconversion rates (Figure 2).  The absolute increase in seroconversion varied according to 
the type of immunocompromised group (Table 5).  There were 6 studies in 1508 dialysis 
patients with a 9% (95% CI = 5 to 12%) increase in seroconversion compared to 13 studies in 
2439 solid organ transplant patients with a 27% (95% CI = 21 to 34%) increase in 
seroconversion (Table 5). 

Table 5.  Increase in seroconversion from the second to third dose of vaccine in the 
immunocompromised and dialysis patients 
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Figure 2.  Increased proportion of seroconversion after a third COVID-19 vaccine in the 
immunocompromised and dialysis populations. 
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Proportion of  immunocompromised and dialysis patients negative after second dose 
seroconverting after  third dose of COVID-19 vaccination  

There were 46 studies (6, 7, 8, 9, 12, 17, 18, 23, 27, 29, 30, 31, 33, 36, 38, 40, 47, 51, 53, 54, 
60, 61, 64, 75, 77, 79, 81, 82, 85, 87, 88, 91, 93, 97, 99, 102, 108, 111, 112, 174, 175, 176, 
177, 178, 180, 181) that reported on this outcome.  Overall, 4528 participants were recruited to 
studies with a 47% (95% CI = 39 to 54%) that were previously negative after two vaccines 
seroconverting with the third vaccine (Figure 3).  The proportion seroconverting varied 
according to the type of immunocompromised group (Table 6).  There were 7 studies in 648 
patients taking ant-CD20 drugs with 19% (95% CI = 15 to 24%) seroconverting compared to 
16 studies in 2072 solid organ transplant patients with 40% (95% CI = 30 to 49%) 
seroconverting and 7 studies in 344 solid malignancy patients with 80% (68 to 93%) 
seroconverting (Table 6). 

 

Table 6.  Seroconversion after the third dose in those that were negative after the second dose 
of vaccine in the immunocompromised and dialysis patients 
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Immunogenicity of fourth dose of COVID- 19 vaccination in the immunocompromised and 
dialysis patients  

There were four case series (55, 56, 100, 104) that evaluated seroconversion with a fourth 
vaccine in patients that had failed to seroconvert or had low titres after three COVID-19 
vaccinations.  All studies (55, 56, 100, 104) evaluated solid organ transplant patients, three 
from France (55, 56, 104) and one from Germany (100).  There was one study (7) that 
evaluated increase in seroconversion after the fourth vaccine which reported an increase in 
12/18 to 15/18 seroconverting in solid organ transplant patients. The summary of these studies 
is given in Table 7. 

Table 7.  Summary of immunogenicity of fourth dose SARS-CoV2 vaccination studies 
 

Author  Design  Country  Population description  Vaccine  Titre 
measured  

Duration 
between 3 rd 
and 4 th 
vaccine  

Time after 4th 
vaccine titre 
measured  

Alejo (7) Before 
after 

US Solid Organ Transplant 
Recipients, four doses 
of mRNA, enrolled in 
observational study 
SOTRs. No history of 
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Figure 4.  Proportion seroconverting after a fourth COVID-19 vaccine in solid organ transplant 
populations that were negative after the third dose. 
 

 

 

Comparison of immunogenicity to Omicron, versus Delta, versus wild type 

There were 6 studies (4, 50, 82, 90, 97, 107) that compared seroconversion against Delta 
versus wild type strains in 452 patients.  Three studies (4, 50, 97) involved transplant patients, 
two studies (82, 107) evaluated patients on immunosuppressive therapy and one study (90) 
evaluated solid cancer patients.  There was no difference in seroconversion between the 
strains with all studies showing similar results and no heterogeneity between studies (RR 
seroconversion = 0.99; 95% CI = 0.93 to 1.03) (Figure 5). 

Figure 5.  Proportion seroconverting after third or fourth COVID-19 vaccine comparing Delta 
variants versus wild type strains. 
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There were three studies (82, 90, 97) that compared seroconversion against Omicron versus 
wild type strains in 196 patients. One study (82) evaluated patients on immunosuppressive 
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Figure 8.  Local pain in immunocompromised and dialysis patients receiving 3rd COVID-19 
vaccination 
 

 
 
 
  

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Proportion meta-analysis plot [random effects]

combined 0.48 (0.36, 0.60)

Ligumsky 2021 0.49 (0.37, 0.61)

Bensouna 2021 0.27 (0.17, 0.40)

Epsi 2021 0.40 (0.28, 0.53)

Herishanu 2021 0.55 (0.48, 0.63)

Reimann 2021 0.07 (8.8E-3, 0.24)
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Figure 10.  Fever in immunocompromised and dialysis patients receiving 3rd COVID-19 
vaccination 
 

 

 

  

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Proportion meta-analysis plot [random effects]

combined 0.11 (0.05, 0.19)

Ligumsky 2021 0.13 (0.06, 0.22)

Bensouna 2021 0.08 (0.03, 0.17)

Epsi 2021 0.03 (3.9E-3, 0.11)

Herishanu 2021 0.08 (0.04, 0.13)

Reimann 2021 0.04 (9.0E-4, 0.18)

David 2021 0.08 (0.07, 0.09)

Hause 2021 0.29 (0.28, 0.30)

Simon 2021 0.02 (3.8E-4, 0.08)

Li 2021 0.28 (0.23, 0.34)

Konig 2021 0.21 (0.14, 0.29)

Massa 2021 0.07 (0.02, 0.16)

Kumar 2021 0.08 (0.03, 0.18)

proportion (95% confidence interval)
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Conclusion 

Population studies suggest that a booster COVID-19 vaccination has about an 75% efficacy in 
protecting against the Delta variant of COVID-
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