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Abstract 
 
Objective 
 
To compare the efficacy of COVID 19 vaccines between those with immunocompromised 
medical conditions and those who are immunocompetent 
 
Design 
 
Systematic review and meta-analysis  
 
Data sources 
 
PubMed, EMBASE, CENTRAL, CORD-19 and WHO COVID-19 research databases were 
searched for eligible comparative studies published between 1 December 2020 and 3 
September 2021. ClinicalTrials.gov and the WHO International Clinical Trials Registry 
Platform were searched in September 2021 to identify registered yet unpublished or ongoing 
studies. 
 
Study selection  
 
Prospective observational studies which compared the efficacy of COVID-19 vaccination 
between those with immunocompromising medical conditions and those who were 
immunocompetent were included. Two reviewers independently screened for potentially 
eligible studies. 
 
Data extraction 
 
The primary outcomes of interest were cumulative incidence of seroconversion after first and 
second doses of COVID vaccination. Secondary outcomes included SARS-CoV-2 antibody 
titre level after first and second doses of COVID-19 vaccination. After duplicate data 
abstraction, a frequentist random effects meta-analysis was conducted. Risk of bias was 
assessed using the ROBINS-I tool. Certainty of evidence was assessed using the GRADE 
approach. 
 
Results 
 
After screening 3283 studies, 42 studies that met our inclusion criteria were identified. 18 
immunocompromised cohorts from 17 studies reported seroconversion in 
immunocompromised patients compared to healthy controls after the first dose and 30 
immunocompromised cohorts in 28 studies reporting data after the second dose.  
 
Among immunocompromised groups, in incremental order, transplant recipients had the 
lowest pooled risk ratio of 0.06 (95%CI: 0.04 to 0.09, I^2=0%, p=0.81) (GRADE=Moderate) 
followed by haematological cancer patients at 0.36 (95%CI: 0.21 to 0.62, I^2 = 89%, p<0.01) 
(GRADE=Moderate), solid cancer patients at 0.40 (95%CI: 0.31 to 0.52, I^2 = 63%, p=0.03) 
(GRADE=Moderate) and IMID patients at 0.66 (95%CI: 0.48 to 0.91, I^2=81%, p<0.01) 
(GRADE=Moderate). 
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After the second dose, the lowest pooled risk ratio was again seen in transplant recipients at 
0.29 (95%CI: 0.21 to 0.40, I^2=91%, p<0.01) (GRADE=Moderate), haematological cancer 
patients at 0.68 (95%CI: 0.57 to 0.80, I^2=68%, p=0.02) (GRADE=Low), IMID patients at 
0.79 (95%CI: 0.72 to 0.86, I^2=87%, p<0.01) (GRADE=Low) and solid cancer at 0.92 
(95%CI: 0.89 to 0.95, I^2=26%, p=0.25) (GRADE=Low). 
 
Conclusion 
 
Seroconversion rates and serological titres are significantly lower in immunocompromised 
patients with transplant recipients having the poorest outcomes. Additional strategies on top 
of the conventional 2-dose regimen will likely be warranted, such as a booster dose of the 
vaccine. 
 
Systematic review registration  
 
PROSPERO CRD42021272088  
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INTRODUCTION 

Spread of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to 
the ongoing global COVID-19 pandemic. By the third quarter of 2021, there have been over 
200 million confirmed cases and over 4 million deaths worldwide. The morbidity and 
mortality from COVID-19 and its complications and large-scale economic disruption have 
prompted an unprecedented pace in vaccine development.(1, 2) Vaccines which have been 
approved for use to date include new technology mRNA vaccines (e.g. Pfizer-BioNTech and 
Moderna), and non-replicating viral vector vaccines (e.g. Jannsen Ad26.COV2.S) and 
traditional inactivated vaccines (eg Sinovac).(3) Trials and ongoing studies have sought to 
evaluate the efficacy and safety of these vaccines. High vaccine efficacy against 
symptomatic laboratory-confirmed SARS-CoV-2 infection has been reported, with over 50% 
after the first dose and 90% after the second dose for the BioNTech-Pfizer vaccine(4), while 
Oxford-AstraZeneca reported an efficacy of 70% after the second dose.(5) High 
seroconversion rates were shown regardless of the vaccine received or previous infection 
status.(6) 
 
However, vaccine trials have excluded immunocompromised groups, such as transplant 
recipients and patients with rheumatological conditions, leading to a paucity of data on the 
efficacy and safety of vaccines in these groups. These patients, which constitute about 3% 
of the adult population(7), are of particular interest due to possible suppression or over-
activation of the immune system attributable to the primary disease or concurrent therapy. 
There is an urgent need for data and insights on this as infection and viral shedding have 
reported to be more severe and persistent.(8, 9) Patients with active cancer are recognized 
to be at increased risk of severe COVID-19 infection and death.(10, 11) Transplant 
recipients require prolonged immunosuppression to prevent the risk of graft rejection and 
past studies have shown increased risk of severe diseases and poor outcomes with COVID-
19.(12) Patients with autoimmune and inflammatory rheumatic diseases requiring 
immunosuppressive treatment have worse outcomes from COVID-19 infection compared to 
age- and gender- comparable patients without such conditions.(13)  
 
Past studies of other vaccines such as the influenza and pneumococcal vaccine among 
immunocompromised groups have shown variable efficacy depending on factors such as 
vaccine type, underlying disease and concurrent medications. In a meta-analysis on the 
immunogenicity of the influenza vaccination in organ transplant recipients, the risk factors of 
lower seroconversion included being within 6 months post-transplant, on anti-metabolites, 
and lung transplantation.(14) Other studies have shown reduced antibody response after the 
influenza vaccine among cancer patients, transplant recipients and those taking other anti-
CD20 based immunosuppressive regimens like rituximab used in those with rheumatic 
conditions.(15, 16) 
 
To date, there have been no systematic reviews looking at the immunogenicity of COVID-19 
vaccines in immunocompromised cohorts. As such, this review aims to study seroconversion 
rates and antibody levels post-vaccination amongst immunocompromised patients compared 
to healthy controls. 
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METHODOLOGY 

The systematic review is reported according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (Supplementary table 1).(17) This review 
is registered with the National Institute for Health Research international prospective register 
of systematic reviews (PROSPERO) at CRD42021272088. 
 
Search strategy 
Searches of databases MEDLINE via PubMed, EMBASE, Cochrane Central Register of 
Controlled Trials (CENTRAL), CORD-19, WHO COVID-19 Research Database, 
ClinicalTrials.gov and WHO international clinical trials registry platform were conducted per 
protocol in September 2021 for articles published from 1 December 2020 to 3 September 
2021. There was no restriction on language of publication. Literature search was performed 
using the search strategy in each database in Table 1. To improve validity of data, non-peer-
reviewed preprints from preprint databases were not used.  
 
Study selection 
A two-staged screening method was adopted, screening by title and abstract and screening 
by full-text article. Each title, abstract and full-text identified was screened independently by 
two researchers with discrepancies resolved by consultation of a third researcher. Results 
were limited to human subjects. Studies of any follow-up duration and timepoints were 
included. 
 
We included published and unpublished prospective observational and experimental studies 
that met the following criteria: 

- Studies that involved human participants all of whom should be receiving a COVID-
19 vaccine of any brand and type 

- Studies that involved patients with solid organ malignancies, haematological 
malignancies, organ transplant recipients and patients with immune-mediated 
inflammatory disorders (IMIDs) 

- Studies that included and reported data of a control group comprising healthy 
individuals or comparators who are not immunocompromised defined as not having 
malignancy, rheumatologic, autoimmune and organ transplant conditions 

- Studies that reported at least one of the following outcome measures: 
- Seroconversion after COVID-19 vaccination 
- Serological titres after COVID-19 vaccination 

 
Studies not adhering to the aforementioned inclusion criteria were excluded. Additionally, 
studies were excluded if they: 

- Included but did not report outcomes of an immunocompetent control group 
- Reported seroconversion data in a form from which proportions, risk of 

seroconversion or number of seroconverted participants could not be derived 
- Reported serological titres in a form from which neither mean nor median titres could 

be derived 
 
Data extraction 
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Data was extracted according to a pre-determined proforma in Microsoft Excel Version 16.45 
by two researchers. All key extracted data was reviewed and quality-checked at the end of 
the data-extraction phase.  
 
Study characteristics comprised setting, primary and secondary outcomes, study design, 
sample size, dropout and non-response rates and inclusion and exclusion criteria. 
Participant data collected comprised age, sex and comprehensive disease and treatment 
history, including immunosuppressive regimen. Intervention-related data included vaccine 
type and brand, dosing schedule and number of subjects receiving each type and brand of 
vaccine and median or mean interval between doses. Outcome-related data comprised 
assay, antibody measured and method of measurement, intervals of sample collection and 
number of measurements made. 
 
Risk of Bias assessment 
The Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) tool was used to 
rate risk of bias for included non-randomised studies which assesses 7 domains: Risk of 
bias due to 1) confounding 2) selection of participants into the study 3) classification of 
interventions 4) deviations from intended interventions 5) missing data 6) measurement of 
outcomes 7) selection of the reported results.(18) 
 
The Cochrane Risk of Bias 2.0 tool was planned to be used for experimental studies which 
assesses 5 domains: bias arising from 1) the randomisation process, 2) deviations from 
intended interventions, 3) missing outcome data, 4) measurement of the outcome and 5) 
bias in selection of the reported result. However, no experimental studies were yielded in our 
search.(19) 
 
Two reviewers assessed each paper in parallel and reached consensus by discussion. All 
discrepancies were resolved by involving a third reviewer assessing the paper 
independently. 
 
Data analysis 
Our search did not identify any randomised trials involving the use of COVID-19 vaccines in 
immunocompromised patients. We performed a meta-analysis of associations by pooling 
risk ratios (RRs) from observational studies using DerSimonian random effects meta-
analysis. Sensitivity analysis was performed by comparing the results to other meta-analysis 
models including fixed effect models and Knapp-Hartung random effects models, and 
excluding trials with high risk of bias. Publication bias was assessed visually using funnel 
plots. Subgroup analysis and mixed-effects meta-regression was conducted according to 
average age, vaccine type, risk of bias, timepoints, brand of serology kit and country of 
study. The synthesis without meta-analysis approach was used to summarize the data 
qualitatively when meta-analysis of the data is not feasible due to variation in the reporting of 
outcomes of interests. All analyses were run using R Version 4.1.0. 
 
Certainty of evidence 
We assessed the certainty of evidence using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE).(20) Certainty of evidence for each study was rated 
as high, moderate, low, or very low, based on considerations of risk of bias, inconsistency, 
indirectness, publication bias, intransitivity, incoherence and imprecision. 
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Patient and public involvement 
No patients or members of the public were directly involved in this research study. 
 

RESULTS 

 
Figure 1: PRISMA flowchart 
 
The results of our screening is illustrated in Figure 1. We identified 42 studies for our 
systematic review.(21-62) Table 2 outlines the details of all included studies. 
 
Studies were all observational in nature with no experimental trials identified relevant to our 
study population. Only prospective comparative studies were included for this meta-analysis. 
Case reports, series, qualitative studies and retrospective studies were excluded to better 
inform estimates of effect. 
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We analysed seroconversion rates and antibody titre levels. Direct evidence of vaccine 
protection in immunocompromised patients was not used. Vaccines administered include 
BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna), AZD1222 (AstraZeneca), 
Ad26.COV2.S (Janssen) and CoronaVac (Sinovac Biotech). 
 
At the time where the studies were conducted, recommended vaccine regimens were 2-dose 
regimens. This meta-analysis further stratifies the results according to post-first dose and 
post-second dose seroconversion and antibody levels. 
 
In summary, trials primarily included immunocompromised groups of cancer, organ 
transplant and IMID patients. 8/42 studies involving solid cancer patients, 7/42 studies 
involving haematological cancer patients, 12/42 studies involving IMID patients, and 16/42 
studies involving organ transplant recipients. 
 
Outcomes of interest 
The primary outcomes of interest were seroconversion after 1st and 2nd doses of COVID-19 
vaccination. As brand and type of assay, immunoglobulin and definition of seroconversion 
differed across studies, the respective data was extracted from each study and reported in 
Table 2. 
 
Secondary outcomes of interest were mean or median serological titres after 1st and 2nd 
doses of COVID-19 vaccination. Similarly, as specific antibodies measured and reported 
differed across studies, the antibody measured was reported in Tables 3 and 4. 
 
37/42 (88.0%) studies reported seroconversion rates in the immunocompromised and 
control groups. 16 studies (38.1%) assessed serological responses after the first dose of 
vaccine. 28/42 (66.7%) studies assessed the serological responses after the second dose of 
vaccine. The timepoints after COVID-19 vaccine of serological assessment and the different 
brands of serological kits used were extracted and reported in Table 2.  
 
Solely mRNA vaccines were used in 35 (83.3%) of the studies, namely the BNT162b2 
(Pfizer-BioNTech) and mRNA-1273 (Moderna) vaccine, 2 studies (4.8%) used the 
inactivated CoronaVac (Sinovac BioTech) vaccine and 5 studies (11.9%) involved the use of 
both mRNA and non-replicating viral vector, AZD1222 (AstraZeneca) or Ad26.COV2.S 
(Janssen), vaccines.  

SYNTHESIS OF RESULTS 

Dose 1 
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Figure 2: Proportion with seroconversion after the first dose of COVID-19 vaccine; SCR: 
Seroconversion after first dose 
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Figure 3: Risk ratio of seroconversion amongst immunocompromised patients compared to 
healthy controls after first dose 
 
Figure 2 and Figure 3 respectively present the proportion with seroconversion and risk ratio 
of seroconversion amongst immunocompromised patients and healthy controls after the first 
dose of COVID-19 vaccine. 
 
A total of 2234 patients from 18 immunocompromised cohorts in 17 studies were identified 
reporting seroconversion in immunocompromised patients compared to healthy controls 
after the first dose. Meta-analysis showed markedly reduced seroconversion rates among 
the immunocompromised patients as seen by a statistically significant pooled RR of 0.27 
(95% confidence interval [CI], 0.19 to 0.37; I^2=93%, p<0.01). 
 
Among the immunocompromised groups, the transplant recipients had the lowest pooled RR 
with minimal heterogeneity of 0.06 (95%CI: 0.04 to 0.09, I^2=0%, p=0.81) (GRADE = 
Moderate), followed by patients with haematological cancer at 0.36 (95%CI: 0.21 to 0.62, I^2 
= 89%, p<0.01) (GRADE = Moderate) and then patients with solid cancers at 0.40 (95%CI: 
0.31 to 0.52, I^2 = 63%, p=0.03) (GRADE = Moderate). The highest pooled RR after the first 
dose was seen in IMID patients at 0.66 (95%CI: 0.48 to 0.91, I^2=81%, p<0.01) (GRADE = 
Moderate). 
 
Dose 2 
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Figure 4: Proportion with seroconversion after the second dose of COVID-19 vaccine; SCR: 
Seroconversion 
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Figure 5: Risk ratio of seroconversion amongst immunocompromised patients compared to 
healthy controls after second dose 
 
The proportion with seroconversion and risk ratio of seroconversion amongst 
immunocompromised patients and healthy controls after the second dose of COVID-19 
vaccine are presented in Figure 4 and Figure 5 respectively. 
 
A total of 3851 patients from 30 immunocompromised cohorts in 28 studies were identified 
reporting seroconversion in immunocompromised patients compared to 2092 healthy 
controls after the second dose. Meta-analysis of these studies showed a statistically 
significant pooled RR of 0.62 (95%CI: 0.57 to 0.68, I^2=94%, p<0.01) among the 
immunocompromised patients. This shows a much higher pooled RR than the 
immunocompromised patients after the first dose of vaccine, implying the second dose of 
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vaccine greatly boosts the immune response to the vaccine. However, this still shows 
reduced seroconversion rates in the immunocompromised patients, as compared to healthy 
controls with a pooled RR of 0.99 (95%CI: 0.98 to 1.00, I^2=0%, p=0.83).  
 
Among the immunocompromised groups, the lowest pooled RR after the second dose was 
seen in transplant recipients at 0.29 (95%CI: 0.21 to 0.40, I^2=91%, p<0.01) (GRADE = 
Moderate), followed by haematological cancer at 0.68 (95%CI: 0.57 to 0.80, I^2=68%, 
p=0.02) (GRADE = Low) and IMID patients at 0.79 (95%CI: 0.72 to 0.86, I^2=87%, p<0.01) 
(GRADE = Low). The highest pooled RR after the second dose was seen in patients with 
solid cancer at 0.92 (95%CI: 0.89 to 0.95, I^2=26%, p=0.25) (GRADE = Low).  

Vaccine response in patients with solid cancer after first dose  

In cancer patients specifically, interim data has shown lower immune efficacy rates for 
COVID-19 vaccinations than healthy controls.(63) Immune efficacy of a single inoculum was 
low in solid cancer patients (<40% efficacious) and even lower in haematological cancer 
patients (<15%) as compared to healthy controls (>90% efficacious). The impact of 
immunocompromised states, including malignancies and primary and secondary 
immunodeficiencies, on the efficacy and immunogenicity of active vaccination is well 
established in literature on vaccinology. Lower seroconversion and seroprotection was noted 
among cancer patients receiving influenza vaccination in previous studies.(16) 
 
5 studies including 354 patients with solid cancers and 816 healthy controls showed a 
pooled RR of 0.40 (95%CI: 0.31 to 0.52).  
 
Terpos et al. 2021(22) provided insights into how immunotherapy could impact antibody 
titres post COVID vaccination. Antibody titres were 1.73-fold lower (median: 22%; IQR:13.4 
to 30.2%) among 59 patients receiving immunotherapy than 283 healthy control subjects 
(Median: 38%; IQR: 23 to 54%) after the first dose. Similarly, Goshen-Lago et. al 2021(28) 
showed a 1.70 -fold reduction in antibody titres among 232 patients receiving active 
treatment for cancer (median: 42.3 AU/mL) compared to 261 healthy controls (median: 72.0 
AU/mL).  

Vaccine response in patients with solid cancer after second dose 

4 studies including 439 patients with solid cancers and 205 healthy controls showed a 
pooled RR of 0.92 (95%CI: 0.89 to 0.95) in terms of seroconversion after second dose.  
 
Massarweh et al. 2021(25) demonstrated the most significant reduction of 3.71-fold among 
102 patients with (Median: 1931 AU/mL; IQR: 509 to 4386 AU/mL) as compared to 78 
healthy control subjects (Median: 7160AU/mL; IQR: 3129 to 11241 AU/mL) after the second 
dose. The smallest reduction of 2.93-fold was reported by Eliakim-Raz et al.(26), who noted 
a 2.93-fold reduction among 95 patients with solid cancer (Median: 417 AU/mL; IQR: 136 to 
895 AU/mL) as compared to the 66 healthy controls (median: 1220 AU/mL; IQR: 588 to1987 
AU/mL).  
 
Seroconversion rates in patients with solid cancer were depressed after both doses, with a 
significant increase of 2.30 times between the first dose (Pooled RR: 0.40; 95%CI: 0.31 to 
0.52) and the second dose (Pooled RR: 0.92; 95%CI: 0.89 to 0.95).  
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Vaccine response in patients with haematological cancer after first dose 
3 studies including 363 patients with haematological cancers and 359 healthy controls 
showed a pooled RR of 0.36 (95%CI: 0.21 to 0.62).  
 
Chowdhury et al. 2021(34) reported a significant reduction in antibody titres of 8.4-fold 
(median: 75 AU/mL; IQR: 19 to 328) among 59 patients with chronic myeloid neoplasms 
compared to 232 healthy control subjects (median: 630 AU/mL; IQR: 284 to 1328 AU/mL) 
after the first dose. Parry et al. 2021(33) reported a much higher reduction in antibody titres 
of 95-fold (median: 0.4U/mL) among 299 patients with chronic lymphocytic leukemia 
compared to 93 healthy controls (median: 41.6 U/mL). However, Pimpinelli et al.(30) 
reported antibody titres to be less depressed, with a 2.28-fold (median: 7.5 AU/mL; 95%CI: 
5.6 to 10.4 AU/mL) and 1.06-fold (median: 16.2 AU/mL; 95%CI 11.7 to 22.3 AU/mL) 
reduction amongst multiple myeloma and myeloproliferative neoplasm patients respectively. 

Vaccine response in patients with haematological cancer after second dose  

4 studies including 570 patients with haematological cancers and 187 healthy controls 
showed a pooled RR of 0.68 (95%CI: 0.57 to 0.80) in terms of seroconversion after second 
dose.  
 
Herishanu et al.(29) demonstrated the most significant reduction of 1315.5-fold among 52 
patients with chronic lymphocytic leukemia (median: 0.824U/mL; IQR: 0.4 to 167.3U/mL) as 
compared to 52 healthy control subjects (median 1084U/mL; IQR: 128.9 to 1879U/mL) after 
the second dose. The smallest reduction was reported by Tzarfati et al.(31), who noted a 
1.85-fold reduction among 315 patients with hematological malignancies (median: 85 
AU/mL; IQR: 10.7 to 172AU/mL) as compared to the 108 healthy controls (median: 157 
AU/mL; IQR: 130 to 221 AU/mL).  
 
Seroconversion rates in patients with haematological cancer were depressed after both 
doses, with a significant increase of 1.89 times between the first dose (Pooled RR: 0.36; 
95%CI: 0.21 to 0.62) and the second dose (Pooled RR: 0.68; 95%CI: 0.57 to 0.80).  
 

Vaccine response in patients with rheumatic and other autoimmune conditions after 
first dose 

Rheumatic and other autoimmune disorders often result in potentially life-long 
immunosuppression, through disease or iatrogenically. Disease modifying anti-rheumatic 
drugs (DMARDs) such as methotrexate, mycophenolate and biologics targeting B cells are 
often employed alone or in combination.(13) Being immune-mediated disorders, the 
immunosuppressive effect of these drugs are used to repress these diseases, though 
simultaneously compromising vaccine efficacy.(64, 65) 
 
5 studies reported seroconversion rates among IMID patients after the first dose. Data from 
1015 IMID patients compared to 243 healthy controls showed that these patients had a 
pooled RR of 0.66 (95%CI: 0.48 to 0.91).  
 
Lower antibody titres were seen after the first dose of vaccine among IMID patients. 
Rubbert-Roth et al.(52) demonstrated that the antibody titres of 51 patients with rheumatoid 
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arthritis (median: 0.4 U/mL; IQR: 0.4 to 2.13 U/mL) were much lower than the 20 healthy 
controls (median: 99.2 U/mL; IQR: 24.8 to 172 U/mL) by 248-fold. Medeiros-Ribeiro et 
al.(58) showed a less significant decrease in 859 IMID patients (median: 5.1 AU/mL; IQR: 
4.7 to 5.5 AU/mL) of 2.02-fold as compared to the 179 healthy controls (median: 10.3 
AU/mL; IQR: 8.5 to 12.5 AU/mL).  

Vaccine response in IMID patients after second dose 

9 cohorts from 8 studies also reported seroconversion rates among IMID patients after the 
second dose. Data from 1949 patients with IMID patients compared to 960 healthy controls 
showed that IMID patients had a pooled RR of 0.79 (95%CI: 0.72 to 0.86).  
 
The greatest and smallest reduction in antibody titres among IMID patients are reported by 
Achiron et al.(54) Achiron et al. provided insights into the impact of individual 
immunosuppressive agents on titres of patients with multiple sclerosis 1 month after their 
second dose. The greatest reduction in antibody titres were seen in the 26 and 44 patients 
on fingolimod and ocrelizumab respectively, with 27.41 (median: 0.27; IQR: 0.12 to 0.45) 
and 25.52-fold (median: 0.29; IQR: 0.06 to 0.89) reduction in titres noted respectively 
compared to 47 healthy control subjects (median: 7.4; IQR: 6.4 to 8.1). The smallest 
reduction of 0.91-fold in antibody titres was demonstrated among 23 patients on cladribine 
(median: 7.0; IQR: 6.5 to 8.1) with a 1.06-fold reduction in titres.  
 
Seroconversion rates in IMID patients were depressed after both doses, with a significant 
increase of 1.20 times between the first dose (Pooled RR: 0.66; 95%CI: 0.48 to 0.91) and 
the second dose (Pooled RR: 0.79; 95%CI: 0.72 to 0.86).  

Vaccine response in transplant recipients after first dose 
5 studies reported seroconversion after the first dose of COVID-19 vaccine in transplant 
recipients including 502 transplants compared with 196 healthy controls. The depression in 
seroconversion rates was significant with the pooled RR at 0.06 (95%CI: 0.04 to 0.09) and 
largely homogenous between studies (I^2=0%, p=0.81). 
 
Mazzola et al.(38) reported a median titre of 153 AU/mL (IQR: 129 to 860) 28 days after the 
dose of COVID-19 vaccine. However, serological titres of healthy controls were not reported, 
thus comparison was not possible. Schramm et al.(46) reported only 2 patients with an 
antibody response 21 days after the first dose. Neither mean nor median serological titres 
were reported.  

Vaccine response in transplant recipients after second dose 

Across 13 studies, pooling 893 transplant recipients and 740 healthy controls, a strong risk 
for non-seroconversion was found as seen by the lowest pooled RR of 0.29 (95%CI: 0.21 to 
0.40).  
 
11 separate studies reported titre levels post-second vaccine dose. Narasimhan et al.(44) 
reported the greatest fold difference of 8358.24 between transplant recipients and healthy 
controls, with titres of 1.7 AU/mL (95%CI: 0.6 to 7.5) and 14209 AU/mL (95%CI: 11261 to 
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18836) respectively. Rabinowich et al.(37) reported the smallest fold reduction in titres of 
2.10-fold (Mean±SD: 95.41±92.4 AU/mL vs 200.5±65.1 AU/mL).  
 
Seroconversion rates in transplant recipients were depressed after both doses, with a 
significant increase of 4.83 times between the first dose (Pooled RR: 0.06; 95%CI: 0.04 to 
0.09) and the second dose (Pooled RR: 0.29; 95%CI: 0.21 to 0.40).  
 
From this, it is highly suggestive that a second dose of COVID-19 vaccine is imperative in 
improving seroconversion rates in transplant recipients. Seroconversion rates remain 
severely depressed compared to healthy individuals however, thus necessitating future 
study for third doses or booster shots for such patients. Non-vaccine protective measures 
would also be vital in protecting this vulnerable group of patients. 

Risk of bias assessment 

32 studies were assessed to be at low risk of bias while 11 studies were deemed to be at 
moderate risk of bias (Supplementary table 2). No studies were at severe or critical risk of 
bias. Risk of bias mainly came from confounding effects with controls not being age-
matched. 
 
Accounting for heterogeneity in cancer patients after first and second dose 
Given the heterogeneity present in the analyses, we undertook subgroup analysis for cancer 
patients after the first and second dose. We noted that for the first dose, variables like 
average age, timepoints, brand of serology kit and country of study may account for 
heterogeneity (Supplementary table 3). However, for the second dose, we did not find any 
variable that may account for the heterogeneity in data. (Supplementary table 5).  
 
Publication bias and trim-and-fill analysis for cancer patients after first dose 
Egger’s test did not show publication bias in cancer patients (p = 0.9626). Trim-and-fill funnel 
plot with imputation of potentially missing studies for cancer patients after the first dose 
(Supplementary figure 1) similarly did not suggest significant bias. 8 studies were combined 
(with no added studies) with random effects model yielding a result of 0.3142 (95%CI: 
0.2201 to 0.4267). 
 
Publication bias and trim-and-fill analysis for cancer patients after second dose 
Similar to the first dose, Egger’s test did not show publication bias in cancer patients (p = 
0.2306). Trim-and-fill funnel plot with imputation of potentially missing studies for cancer 
patients (Supplementary figure 2) combined 11 studies (with 3 added studies) with random 
effects model yielding a proportion of 0.6813 (95%CI: 0.4709 to 0.8370). 
 

DISCUSSION 

In this systematic review and meta-analysis of 42 studies which included 
immunocompromised groups of patients with solid cancer, patients with haematological 
malignancies, transplant recipients and IMID patients, we found that these patients had 
depressed seroconversion after the first dose and second dose compared to healthy 
controls. Compared to the pooled RR of 0.91 after the first dose among healthy controls, the 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 1, 2021. ; https://doi.org/10.1101/2021.09.28.21264126doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/


pooled RR after the first dose was much lower at 0.06 among transplant recipients, 0.36 
among patients with hematological cancers, 0.40 among patients with solid cancers, and 
0.66 among IMID patients. Antibody response improved significantly after the second dose. 
The pooled RR after the second dose increased to 0.29 among transplant recipients, 0.68 
among patients with hematological cancers, 0.79 among IMID patients, 0.92 among patients 
with solid cancers and 0.99 among healthy controls. Transplant recipients demonstrated 
sustained low seroconversion rates after both doses of vaccine.  
 
To the best of our knowledge, this is the first meta-analysis to study immunogenicity and 
serologic titre response in immunocompromised patients to the first and second dose of 
COVID vaccines, stratifying results by the different aetiologies of immunosuppression.  
 
Our findings highlight the importance of the second dose of COVID-19 vaccines and 
subsequent booster shots. It is well established in literature the benefits of additional doses 
and boosters of vaccines, both for COVID-19(66-68) and pre-existing vaccines (e.g. 
inactivated polio vaccine).(69) This review similarly highlights the importance of a second 
dose vaccine especially for the immunocompromised individuals. Across the included 
studies, a second dose of vaccine confers greatly improved seroconversion and titre levels. 
In particular, the administration of a second dose is of great importance in increasing 
immunogenicity and protection in organ transplant and haematological patients. 
 
Benefits of a third dose of COVID-19 vaccine 
In transplant recipients and patients with haematological malignancies, our results have 
demonstrated a less-than-ideal seroconversion rate even after a second inoculum, 
prompting the need for additional measures. Particularly, transplant recipients exhibited a 
severely depressed seroconversion rate across all studies. 
 
A recent randomised trial studying the immunogenicity of a third dose of the mRNA-1273 
(Moderna) vaccine in organ transplant recipients showed a statistically significant benefit of a 
third dose. 55% of patients in the group receiving a third dose achieved an anti-receptor 
binding domain antibody level of at least 100U/mL, compared to 18% in those which 
received a placebo instead.(70) Another study by Del Bello et al.(71) using 3 doses of the 
BNT162b2 vaccine (Pfizer-BioNTech) vaccine in transplant recipients found that 
seroconversion rates increased with every dose, from 5.1% (95%CI, 3.0% to 7.4%; n = 20) 
before the second dose to 41.4% (95%CI, 36.5% to 46.3%; n = 164) before the third dose 
and finally to 67.9% (95%CI, 63.3% to 72.6%; n = 269) 4 weeks after the third dose. Other 
studies have had similar studies, proving the effectiveness of a third dose.(72) 
 
The Food and Drug Authority in August of 2021 has authorised the use of a third dose of 
Pfizer-BioNTech and Moderna vaccines for immunocompromised populations, including 
transplant recipients(73) with other countries following suit.(74) 
 
Furthermore, our meta-analyses suggest that between aetiologies of immunocompromise, 
significant heterogeneity in immunogenicity is noted both post-first dose and post-second 
dose. This suggests that vaccine regimens should be tailored according to the aetiology and 
degree of immunocompromise. Achiron et al.(54), one of the included studies, also 
demonstrated significantly different seroconversion rates for those on different therapies. 
This is supported by Kennedy et al.(75) which underscored the fact that immunosuppression 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 1, 2021. ; https://doi.org/10.1101/2021.09.28.21264126doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/
GVanham
Highlight

GVanham
Underline

GVanham
Highlight

GVanham
Underline



caused by different biologic agents could be substantial; 20 patients on infliximab had 
significantly lowered titres compared to 7 patients on vedolizumab (mean±SD: 158±7.0U/mL 
vs 562±11.5U/mL). Ligumsky et al.(76) further demonstrated that different anti-cancer 
therapies can also lead to varying seroconversion rates and antibody titres with patients on 
chemotherapy having a lower median IgG titre and seroconversion rate than those on 
immune checkpoint inhibitors and targeted therapy. 
 
Surrogate measures of immunogenicity and efficacy 
Currently, there is no international consensus on measures to determine immunogenicity. 
Trials reported surrogate measures including seroconversion rates and geometric mean 
titres. These surrogate measures involved parameters related to anti-SARS-COV-2 
recombinant spike, receptor binding domain or neutralising IgG or total antibodies. The 
immunological markers and their respective use in predicting protection against COVID-19 
has been the subject of much debate.(77-80) While neutralising antibody level has more 
recently been established to be a reliable predictor of protection against symptomatic 
COVID-19, it remains that many studies have utilised varying measures. 
 
In this review, only studies which involved comparison of measures of effect to that of 
immunocompetent controls were included. 
 
Understudied populations 
To date, there is minimal published data comparing the immunogenicity of the COVID-19 
vaccine in patients with HIV and AIDS to that in healthy persons. Impairing the T-cell lines, 
both humoral and cell-based immunity is implicated in HIV and AIDS. Past studies have 
established lower rates of response to hepatitis B and influenza vaccines in HIV and 
AIDS.(16, 81-83) 
 
Current published data from a randomised controlled trial in South Africa of patients with HIV 
demonstrated that immunogenicity was not significantly impaired.(84) Given the HIV-AIDS 
spectrum, the effect of level of depletion of CD4 counts on immune response remains to be 
established. A search of the clinical trial register ClinicalTrials.gov yielded multiple upcoming 
and ongoing studies including HIV and AIDS patients.(85-88) 
 
There is also a paucity of evidence in patients with primary immunodeficiencies.(89) 
However, even patients with primary antibody deficiencies such as combined variable 
immunodeficiency have been demonstrated to develop anti-spike antibodies post-
vaccination.(90) Hence, all patients with primary immunodeficiencies should be vaccinated 
against COVID-19. 
 
Limitations 
Firstly, the studies included in this paper are observational studies. Factors that may 
influence the immune response to the vaccine, such as comorbidities and age, may not be 
controlled between both the immunocompromised populations and healthy controls. To 
address this limitation, we performed subgroup analyses which showed no significant effect 
modification between studies with different median age.  
 
Secondly, there was heterogeneity in the definition of immunocompromised state. To 
address this limitation, we have pre-specified the definition of immunocompromised and 
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performed subgroup analyses accordingly to assess the difference in seroconversion rates 
in different groups of immunocompromised patients which revealed stark differences 
between solid cancer, haematological cancer, IMID and transplant patients.  
 
Next, while seroconversion rates is an indication of the immune response to the vaccine, it is 
only a proxy for the different impact that the vaccine has on the infection rates and severity 
of COVID.  
 
Lastly, the definition of seroconversion and immunoassay used are not standardised across 
the studies. To address this limitation, we have performed subgroup analyses to determine if 
there is effect modification between studies that used different brands of immunoassays. 
Interestingly, significant effect modification was shown in dose 1 but not dose 2.  
 
Furthermore, vaccination type may influence the seroconversion rates of individuals after 
their COVID-19 vaccination. However, given that the studies included in this review 
predominantly used mRNA vaccines, analyses of possible differences could not be 
performed. 

CONCLUSION 
In this meta-analysis, we have shown that seroconversion rates and serological titres are 
significantly lower in immunocompromised patients compared to immunocompetent 
individuals. Among the various groups of immunocompromised patients, organ transplant 
recipients had the lowest, while solid cancer patients had the highest seroconversion rates. 
Of note, immunocompromised patients who seroconvert generally develop lower antibody 
titres than healthy controls, which poses a concern of whether they have indeed achieved an 
adequate level of seroprotection. Additional strategies on top of the conventional 2-dose 
regimen for mRNA COVID-19 vaccines would be warranted to confer improved 
seroprotection for these patients, such as the administration of a third dose. 
 
SUMMARY 
 
What is already known on this topic 
 

- Immunocompromised patients exhibit lower seroconversion rates than healthy 
persons after receiving other vaccines, such as the influenza vaccine, but less is 
known about the response to COVID-19 vaccines, particularly, mRNA-based 
vaccines.  

 
What this study adds 
 

- This systematic review and network meta-analysis provides a comprehensive 
overview and evaluation of the evidence published as of 3 September 2021 and will 
be re-evaluated and updated periodically 

- There is moderate certainty that seroconversion in immunocompromised patients 
after a first dose of COVID-19 vaccine is low.  

- While there is a significant increase in seroconversion rates between the first and 
second dose of COVID-19 vaccine, seroconversion rates still remain depressed 
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among all immunocompromised groups. There is moderate certainty that 
seroconversion in transplant recipients remain severely depressed even after a 
second dose. 

- Amongst immunocompromised groups studied, antibody titres are lower than in 
healthy persons. 
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Table 1: Search strategy 

Database Search terms Results 

CENTRAL ("coronavirus" OR "coronavirus" OR "covid 2019" OR "SARS2" OR "SARS-CoV-2" OR 
"SARS-CoV-19" OR "novel cov" OR "2019ncov" OR "sars cov2" OR "cov22" OR "ncov" 
OR "covid-19" OR "covid19" OR "coronaviridae" OR "corona virus") in All Fields 
 
AND ("vaccine" OR "vaccination" OR vaccine OR vaccination OR vaccin*) in All Fields 
 
AND ("cancer" OR "cancer" OR "malignancy" OR "malign*" OR "immunocompromise" 
OR "immunocompromised" OR "immunodeficiency" OR "immunodeficient" OR 
"immunodef*" OR "immunocompr*" OR "chemotherapy" OR "chemo*" OR 
"immunosuppressed" OR "immunosuppression" OR "immunosupp*" OR "rheumatology" 
OR "rheumatic" OR "rheum*" OR "autoimmune" OR "autoimmunity" OR "transplant" OR 
"solid organ" OR steroids OR antineoplastic agents OR chemotherapy OR cytotoxicity 
OR immunologic OR antirheumatic agents OR immunosuppressive agents or steroid* or 
corticosteroid* or (antineoplastic* AND agent*) OR chemotherap* or cytotoxic*) in All 
Fields 
 
All filters activated 
 
 Search limits: 1 December 2020 to 3 September 2021 

3,788 
 
 

1,563 
 
17,945 
 
 
 
 
 
 

152 

MedLine via 
PubMed 

("coronavirus"[MeSH] OR "coronavirus"[All Fields] OR "covid 2019"[All Fields] OR 
"SARS2"[All Fields] OR "SARS-CoV-2"[All Fields] OR "SARS-CoV-19"[All Fields] OR 
"novel cov"[All Fields] OR “2019ncov”[All Fields] OR “sars cov2”[All Fields] OR 
“cov22”[All Fields] OR “ncov”[All Fields] OR “covid-19”[All Fields] OR “covid19”[All 
Fields] OR “coronaviridae”[All Fields] OR "corona virus"[All Fields]) 
  
AND 
  
(“vaccine”[MeSH] OR “vaccination”[MeSH] OR vaccine[All Fields] OR vaccination[All 
Fields] OR vaccin*[All Fields]) 
  
AND 
  
(“cancer”[MeSH] OR “cancer” OR “malignancy” OR “malign*” OR 
“immunocompromise”[All Fields] OR “immunocompromised”[All Fields] OR 
“immunodeficiency”[All Fields] OR “immunodeficient”[All Fields] OR “immunodef*”[All 
Fields] OR “immunocompr*”[All Fields] OR “chemotherapy”[All Fields] OR “chemo*”[All 
Fields] OR “immunosuppressed”[All Fields] OR “immunosuppression”[All Fields] OR 
“immunosupp*”[All Fields] OR “rheumatology”[All Fields] OR “rheumatic”[All Fields] OR 
“rheum*”[All Fields] OR “autoimmune”[All Fields] OR “autoimmunity”[All Fields] OR 
“transplant”[All Fields] OR “solid organ”[All Fields] OR steroids[MeSH] OR antineoplastic 
agents[MeSH] OR chemotherapy[MeSH] OR cytotoxicity[MeSH] OR 
immunologic[MeSH] OR antirheumatic agents[MeSH] OR immunosuppressive 
agents[MeSH] or steroid* or corticosteroid* or (antineoplastic* AND agent*) OR 
chemotherap* or cytotoxic*) 
 
 Search limits: 1 December 2020 to 3 September 2021 

2,571 
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EMBASE ('coronavirinae'/exp OR 'coronavirinae' OR 'coronaviridae infection'/exp OR 
'coronaviridae infection' OR 'coronavirus disease 2019'/exp OR 'coronavirus'/exp OR 
coronavirus OR 'coronavirus infection'/de) NOT [medline]/lim 
  
AND 
  
(“vaccination”/exp OR vaccine OR vaccination OR vaccin*) 
  
AND 
  
(“cancer”/exp OR “malignancy”/exp OR “malign*” OR “immunocompromise”/exp OR 
“immunocompromised” OR “immunodeficiency”/exp OR “immunodeficient” OR 
“immunodef*” OR “immunocompr*” OR “chemotherapy”/exp OR “chemo*” OR 
“immunosuppressed”/exp OR “immunosuppression” OR “immunosupp*” OR 
“rheumatology”/exp OR “rheumatic” OR “rheum*” OR “autoimmune”/exp OR 
“autoimmunity” OR “transplant”/exp OR “solid organ”/exp) 
  
 Search limits: 1 December 2020 to 3 September 2021 

 724 
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Table 2: Trial characteristics 

Source Vaccine n, Population(s) 
of interest 

Age Gender Country/Re
gion 

Ethnicitie
s 

N, 
Comparison 

Immunoassay Seroconversion 
definition 

Endpoints 
of data 
collection 

Solid cancers 

Monin et 
al, 
2021*(21) 

BNT162b2 
vaccine 

(1) 95, solid 
cancer 
(2) 56, 
haematological 
cancer 

Patients: 
73.0 (64.5-
79.5) 
 
Control: 40.5 
(31.3-50.0) 

Patients:  
78/151 
(48%) 
 
Controls: 
28/54 (52%) 
 

UK Patients:
  
124/151 
White 
27/151  
Black, 
Asian, 
and 
minority 
 

Controls:
  
33/54 
White 
21/54 
Black, 
Asian, 
and 
minority 

54, healthy ELISA, flow 
cytometry and 
many more 

Positive 
serology: ≥70 EC50 
dilution units. 
 

3 weeks 
and 5 
weeks 
after first 
dose 

Terpos et 
al, 
2021(22) 

44/59 
patients 
(74.6%) and 
232/283 
controls 
(82%) were 
vaccinated 
with 
BNT162b2 
vaccine), 
while the 
remaining 
received the 
AZD1222 

59, cancer 
patients on 
checkpoint 
inhibitors 

Patients:  
66 (61-76) 
 
Controls: 64 
(59-82) 

Patients:  
36/59 
(61.0%) 
 
Controls: 
NIL 

NIL NIL 283, healthy ELISA, cPassTM 
SARS-CoV-2 NAbs 
Detection Kit; 
GenScript, 
Piscataway, NJ, 
USA) 
 
 

Positive serology: 
NAb titres of ≥30% 
and ≥50% were 
reported. 

22 days 
after first 
dose 
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vaccine 

Palich et 
al_d1, 
2021(23) 

BNT162b2 
vaccine 

110,  
Cancer  
 

Patients: 66 
(54-74) 
 
Controls: 55 
(38-62) 

Patients:  
66/110 
 
Controls: 
18/25  
 

France NIL 25, healthcare 
workers 

Abbott SARS- 
CoV-2 IgG 
chemiluminescent 
microparticle 
immunoassay 
(CMIA) 
 

Positive serology: 
50 UA/ml 

4 weeks 
after 1st 
dose  

Palich et 
al_d2, 
2021(24) 

BNT162b2 
vaccine 

223, solid 
cancers  

Patients: 67 
(60-75) 
 
Controls: 53 
(47-60) 

Patients:  
81/223 
(36%) 
 
Controls:  
17/49 (35%)  

France NIL 49, healthy 
volunteers 

Abbott Alinity 
SARS-CoV-2 
immunoglobulin (Ig) 
G 
chemiluminescent 
microparticle 
immunoassay, and 
the Roche Elecsys 
SARS-CoV-2 
total Ig 
electrochemilumine
scent 
immunoassay  

Positive serology: 
50 UA/ml 
 
Roche positive 
serology: 0.8 U/mL 

3-4 weeks 
after 2nd 
dose (a 
mean of 
25 days 
between 
2nd dose 
and 
serology 
for SCs, a 
mean of 7 
days 
between 
2nd dose 
and 
serology 
of HVs)  

Massarwe
h et al, 
2021(25) 

BNT162b2 
vaccine 

102, adult 
patients with 
solid tumors 
undergoing 
active 
intravenous 
anticancer 
treatment 

Patients:  
66 (56-72)  
 
Controls: 62 
(49-70)  

Patients: 58 
(57%)  
 
Controls: 23 
(32%)  

Israel NIL 78, healthy  Abbott architect 
i2000sr platform 
 
SARS-CoV-2 IgG II 

Positive serology: 
≥�50 AU/mL. 
 

Median 
time of 38 
(patient 
group) or 
40 days 
(control) 
after 2nd 
dose  

Eliakim-
Raz et al, 
2021(26) 

BNT162b2 
vaccine 

95, adult 
patients with 
solid tumors 
undergoing 

Patients: 65 
(56-72)  
 
Controls: 62 

Patients: 
55/95 (58%)  
 
Controls:  

Israel NIL 66, healthy Abbott architect 
i2000sr  
 
SARS-CoV-2 IgG II 

Positive serology: 
≥�50 AU/mL. 

Approx. 4 
months 
after 2nd 
dose 
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active 
intravenous 
anticancer 
treatment  

(50-70) 21/66 (32%) 
 

Gavriatopo
ulou et al, 
2021(27) 

BNT162b2 
vaccine and 
AZD1222 
vaccine 

58, patients with 
Waldenstrom 
Macroglobuline
mia (WM), 
Chronic 
Lymphocytic 
Leukemia (CLL) 
and Non-
Hodgkin 
Lymphoma 
(NHL) 

Patients: 75 
(40-88)  
 
Controls: 75 
(61-95)  

Patients: 
28/58 
 
Controls:  
100/213  

Greece NIL 213, healthy NAbs against 
SARS-CoV-2, 
 
ELISA, cPass™ 
SARS-CoV-2 NAbs 
Detection Kit; 
GenScript, 
Piscataway, NJ, 
USA) 

Positive serology: 
30% and NAb 
titres�≥�50% 
(clinically relevant 
viral inhibition) 
reported 

3 weeks 
after 1st 
dose 

Goshen-
Lago et al, 
2021(28) 

BNT162b2 
vaccine 

232 patients 
receiving active 
treatment for 
cancer  

Patients:  
68 (range: 
25-88)  
mean(sd): 
66 (12.09)  
 
Controls:  
64 (25-81) 
mean(sd): 
59 (15.7)  

Patient: 
132/232 
(57%)  
 
Controls:118
/261 (45%)  

Israel NIL 261 health 
care workers 
who served as 
controls 
 

SARS-CoV-2 anti-
spike (S) S1/S2 IgG 
assay (Liaison; 
DiaSorin)  

Positive serology: 
≥�15 AU/mL 

>10 days 
after first 
vaccine 
dose, 14 
days after 
the 
second 
vaccinatio
n. 
Repeated 
4 weeks 
after the 
second 
dose if 
negative. 

Haematological cancers               

Herishanu
et al, 
2021(29) 

BNT162b2 
vaccine 

167, Chronic 
lymphocytic 
leukemia/ small 
lymphocytic 
leukemia  

Patient: 71.0 
(63.0-76.0)  
 
Controls are 
age- and 
sex-
matched  

Patients: 
112/167 
(67.1%) 

Israel NIL 52, sex- and 
aged-matched 
healthy control 
subjects 

Elecsys Anti-SARS-
CoV-2 S 
assay on the cobas 
e 601 (Roche 
Diagnostics) 
analyzer 
 

Positive serology: 
≥�0.80 U/mL 
 

2-3 weeks 
after 2nd 
dose  
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Pimpinelli 
et al, 
2021(30) 

BNT162b2 
vaccine 

42, multiple 
myeloma 
50, 
myeloproliferati
ve 
malignancies  

Multiple 
myeloma: 73 
(47-78)  
 
Myeloproifer
ative: 70 
(28-80)  
 
Control: 81 
(79-87)  

Multiple 
myeloma: 
23/42 
 
Myeloproifer
ative: 26/50  
 
Control: 
18/36 

Italy NIL 36, healthy LIAISON® SARS-
CoV-2 S1/S2 IgG 
test 

Positive serology: 
≥�15 AU/mL 

3 weeks 
after 1st 
dose (day 
of 2nd 
dose) 

Tzarfati et 
al, 
2021(31) 

BNT162b2 
vaccine 

315 patients 
with 
haematologic 
malignancies  

Patients:  
71 (61-78) 
 
Controls:  
69 (58-74)  

Patients:  
176/315 
(56%)  
 
Controls: 
47/108 
(44%)  

Israel NIL 108, 
comparison 
group 

Liaison SARS-CoV-
2 S1/S2 IgG test 
(DiaSorin, Saluggia, 
Italy) 

Positive serology: 
≥�12�AU/ml  

About 32-
33 days 
from 2nd 
dose 

Malard et 
al, 
2021(32) 

BNT162b2 
vaccine 

195, patients 
with 
haematologic 
malignancies  

Patients: 
68.9 (21.5-
91.7) 
 
Controls: 
NIL 

Patients: 
117/195 
(60%)  
 
Controls: 
NIL 

  30, healthy 
controls  

SARS-CoV-2 IgG II 
Quant (Abbott, 
Rungis, France)  

Positive serology: ≥ 
3100 UA/mL 
correlating with NAb 
> 30% 

Two 
serologica
l assays 
were 
realized, 
one 
before the 
first and 
second 
vaccinatio
ns, on day 
28, and 
another 
one 14 
days after 
the 
second 
vaccinatio
n (day 
42).  

Parry et al, 
2021(33) 

154 patients 
had 

299, patients 
with chronic 

Patients: 69 
(63-74)  

Patients:  
159/299  

UK NIL 93, age-
matched 

Roche Elecsys® 
electrochemilumine

Roche Elecsys® 
electrochemilumine

 5–6 
weeks 
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received the 
BNT162b2 
vaccine, 145 
received the 
AZD1222 
vaccine 

lymphocytic 
leukemia 

 
Controls: 
Controls are 
age-
matched.  

 
Controls: 
NIL 

healthy 
donors  

scence 
immunoassay 
(ECLIA) 
 
 

Dried blood spot 
ELISA analysis 
 

scence 
immunoassay 
(ECLIA) 
Positive serology: 
≥0.8 U/ml 
 
Dried blood spot 
ELISA analysis 
Positive serology: 
ratio of 1 or more. 

after the 
first dose 
and 2–3 
weeks 
following 
the 
second 
dose 

Chowdhur
y, 
2021(34) 

BNT162b2 
vaccine or 
AZD1222 
vaccine 

59, patients with 
chronic myeloid 
malignancy  

Patients; 62 
(52-73) 
 
Controls: 
NIL 

Patients: 
27/59 
 
Controls: 
NIL 
 

UK NIL 232, controls  Abbott SARS-CoV-
2 IgG II Quant 
Assay (Maiden- 
head, UK)  

Positive serology: ≥ 
50 AU/ml 

Median of 
34 days 
(IQR 28 to 
56) 

Organ transplant 

Yi et al, 
2021(35) 

BNT162b2 
vaccine or 
mRNA-1273 
 

145, Kidney 
transplant 

NIL NIL NIL NIL 31, waitlisted 
patients with 
chronic kidney 
disease 

Presence of anti- 
SARS-CoV-2 
immunoglobulin 
(IgG) and total 
antibody, anti-
SARS-CoV-2 
nucleocapsid IgG, 
and antispike IgG 
titer 

Seroconversion rate 
definitions not 
explicit.  

Before 
2nd dose 

Grupper et 
al, 
2021(36) 

BNT162b2 
vaccine 

136, kidney 
transplants 

Patients: 
58.6 (12.7) 
 
Controls: 
52.7 (11.5) 

Patients: 
111/136  
 
Controls: 
8/25 

NIL NIL 25, healthy LIAISON SARS-
CoV-2 S1/S2 IgG 
chemiluminescent 
assay (DiaSorin 
S.p.A.) to detect 
IgG antibodies 
directed against a 
recombinant S 
protein (S1/S2).9  

Positive serology: 
≥15 AU/mL were 
considered as 
positive.  

10-20 
days after 
2nd dose 
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Rabinowic
h et al, 
2021(37) 

BNT162b2 
vaccine 

80, liver 
transplant 

Patients: 
60.1 (+- 
12.8)  
 
Controls: 
63.22 (+- 
11.9)  

Patients:  
24/80 (30%)  
 
Controls: 
17/25  
(68%) 

Israel  NIL 25, healthy LIAISON SARS-
CoV-2 S1/S2 IgG 
chemiluminescent 
assay against a 
recombinant Spike 
(S) protein (S1/S2) 
(DiaSorin S.p.A., 
Saluggia, Italy)  

Positive serology: 
≥15 AU/ml 
 

10–20 
days after 
receiving 
the 
second 
dose  
 

Mazzola et 
al, 
2021(38) 

BNT162b2 
vaccine 

133, solid organ 
transplant with 
negative covid 
at baseline 
143, solid organ 
transplant 
 

Patients: 61 
(55-67) 
 
Controls: 55 
(38-62) 

Patients:  
102/143 
(71.3%)  
 
Controls: 
7/25 (22%)  

France NIL 25, healthy Chemiluminescent 
microparticle 
immunoassays 
(CMIA) 
Anti-spike response 
 

Positive serology: 
50.0 AU/ml 

28 days 
after 
second 
dose 

Sattler et 
al, 
2021(39) 

BNT162b2 
vaccine with 
booster after 
21 days 

39, kidney 
transplant 

Patients:  
57.38 
(14.04) 
 
Controls: 
53.03 
(17.58) 

Patients: 
28/39  
 
Controls: 
20/39 

Germany  Patients: 
39/39 
Caucasi
ans  
 
Controls: 
39/39 
Caucasi
ans  

39, healthy ELISA-based 
analysis of SARS-
CoV-2 spike SI 
domain-specific IgG 
and IgA 
(EUROIMMUN).  
 

Positive serology: 
OD ratios of greater 
than 1.1 

8 (+- 1) 
days after 
booster 

Marinaki et 
al, 
2021(40) 

BNT162b2 
vaccine 

34, solid organ 
transplant  
(10 kidney, 24 
heart) 

Patients: 60 
(49.1-68.4) 
 
Controls: 
Age- and 
sex- 
matched  

Controls: 
27/34  
 

NIL - study 
investigator
s from 
Greece; 

NIL 116, healthy  Anti-SARS-CoV-2-
RBD IgG assay 
(Abbott SARS-CoV-
2 IgG II Quant). 

Positive serology: 
≥50 AU/ml 

A median 
of 10 days 
from 2nd 
dose 

Miele et al, 
2021(41) 

BNT162b2 
vaccine 

16, solid organ 
transplant 
recipient  
(5 kidney, 5 
lung, 4 liver, 2 
heart) 

Patients: 57 
(15.9) 
 
Controls: 44 
(7.2) 

Patients: 
13/16 
(81.2%)  
 
Controls: 
10/23 
(43.5%)  

Italy NIL 23, healthy  LIAISON SARS-
CoV-2 S1/S2-IgG 
chemiluminescent 
assay, (DiaSorin)  

Positive serology: 
≥15 AU/ml 

at least 15 
days after 
2nd dose 
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Peled et al, 
2021(42) 

BNT162b2 
vaccine 

77, Heart 
transplant 
recipient 

Patients: 63 
(+- 13)  
 
Controls: 62 
(49-68)  
 
Patients:  
50/77 (64%)  
 
Controls: 
50/136 
(37%) 
 
 

Patients:  
50/77 (64%)  
 
Controls: 
50/136 
(37%). 

Israel  NIL 136, healthy  evaluated with an 
“in- 
house” enzyme-
linked 
immunosorbent 
assay that detects 
IgG antibodies 
against SARS-CoV-
2 RBD.  

Anti-RBD IgG 
 
Positive serology: 
Not reported 

3 weeks 
after 2nd 
dose 

Hod et al, 
2021(43) 

BNT162b2 
vaccine 

120, stable 
renal transplant 
recipient  

Patients: 
59.7 +- 13 
(range: 26-
84)  
 
Controls: 
NIL 

Patients: 
94/120 
(80%)  
 
Controls: 
NIL 

Israel NIL 202, 
immunocompe
tent 
healthcare 
workers  
 

evaluated with an 
enzyme-linked 
immunosorbent 
assay (ELISA) that 
detects IgG 
antibodies against 
the RBD of SARS-
CoV-2 
and 
SARS-CoV-2 
pseudo-virus 
(psSARS-2) 
neutralization assay 
(NA) 
 

Positive serology: 
RBD IgG ≥ 1.1 and 
the presence 
of NA capable of 
reducing viral 
replication by 50% 
at a 16-fold dilution 
or above. 
 

2–4 
weeks 
following 
the 
second 
vaccine 
dose 
 

Narasimha
n et al, 
2021(44) 

BNT162b2 
vaccine or 
mRNA-1273 
vaccine 

73, lung 
transplant 
recipients 

Median: 65 
(53.5-69.5)  
 

Patients: 
54/73 (74%)  
 
Controls: 
NIL 

US 
 

NIL 49, non-
transplanted 
and not had 
previous 
SARS-CoV-2 
infection 

Alinity i platform 
(Abbott 
Laboratories, 
Abbott Park, IL) 
using the FDA-
approved SARS-
CoV-2 anti-
nucleocapsid 
protein IgG assay 
(IgGNC), the 

No comparison of 
seropositivity 
between 
intervention and 
control group given, 
only comparison of 
seroconversion 
rates between and 
mRNA-1273 
vaccines.  

Approxim
ately 3 
weeks 
following 
the 
second 
dose  

 . 
C

C
-B

Y
-N

C
-N

D
 4.0 International license

It is m
ade available under a 

 is the author/funder, w
ho has granted m

edR
xiv a license to display the preprint in perpetuity. 

(w
h

ich
 w

as n
o

t certified
 b

y p
eer review

)
T

he copyright holder for this preprint 
this version posted O

ctober 1, 2021. 
; 

https://doi.org/10.1101/2021.09.28.21264126
doi: 

m
edR

xiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/


SARS-CoV-2 anti-
spike protein IgM 
assay (IgMSP), or 
the SARS-CoV-2 
anti-spike protein 
IgG II assay 
(IgGSP) 

Rashidi-
Alavijeh et 
al, 
2021(45) 

BNT162b2 
vaccine 

 43 liver 
transplant (LT) 
recipients 

Patients: 57 
(49-64) 
 
Controls: 
43.5 (38-
53.5) 

Patients: 
26/43 
(60.5%) 
 
Controls: 
9/20 (45%) 

Germany NIL 20, healthcare 
workers 

anti-SARS-CoV-2 
IgG CLIA 
(LIAISON® SARS-
CoV-2 TrimericS 
IgG assay, 
Diasorin, Saluggia, 
Italy).  

Positive serology: 
≥13.0 AU/mL 

Median 
time after 
2nd dose: 
13 days 
for 
controls 
and 15 
days for 
transplant 
recipients 

Schramm 
et al, 
2021(46) 

BNT162b2 
vaccine 

50, 
cardiothoracic 
transplant 
patients  

Patients: 55 
(+-10)  
 
Controls: 47 
(+-10) 

Patients: 
32/50 (64%) 
 
Controls: 
17/50 (34%) 

Germany NIL  50, healthy 
staff members 

Abbott, Euroimmun 
and RocheElecsys 
Immunoassays 

Positive serology: 
≥7.1 BAU/ml 

21 days 
after 2nd 
dose 

Stumpf et 
al, 
2021(47) 

BNT162b2 
vaccine or 
mRNA-1273 
vaccine 

 

144, kidney 
transplant 
recipients 

Patients: 
57.3 (+- 
13.7)  
 
Controls: 48 
+-11.9 

Patients:  
241/368 
(65.5%)  
 
Controls: 
34/144 
(23.6%) 

Germany NIL 55, medical 
personnels  

Euroimmun ELISAs 
on Euroimmun 
analyzers 

Seroconversion 
definition not 
explicit.  

3-4 week 
after 1st 
dose 

Rincon-
Arevalo et 
al, 
2021(48) 

BNT162b2 
vaccine 

40, kidney 
transplant 
recipients  

Patients: 
62.4 (51.25-
69.5)  
 
Controls:  
51 (34-80) 

Patients: 
28/40  
 
Controls: 
20/35  

Germany NIL 35, healthy 
controls  

Euroimmun 
enzyme-linked 
immunosorbent 
assay (ELISA) 
 

Seroconversion 
definition not 
explicit.  

7 ± 2 days 
after boost 
vaccinatio
n (second 
dose), 
 

Danthu et 
al, 

BNT162b2 74 kidney 
transplant 

Patients: 
64.8 (11.5) 

Patients: 
44/74  

France NIL 7, healthy 
controls 

LIAISON SARS-
CoV-2 TrimericS 

Positive serology: 
≥0.13 AU/ml 

Day 36 
after first 
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2021(49) vaccine recipients,   
Controls:  
51.6 (6.8) 

 
Controls: 4/7 

IgG (DiaSorin, 
Saluggia, Italy), 
 

dose  

Korth et al, 
2021(50) 

BNT162b2 
vaccine 

23, renal 
transplant 
recipients  

Patients: 
57.7 (13.5)  
 
Controls: 
44.4 (9.2) 

Patients:  
11/23 (48%)  
 
Controls:  
9/23 (39%) 

Germany NIL 23, healthy 
controls  

anti-SARS-CoV-2 
IgG CLIA 
(LIAISON® SARS- 
CoV-2 TrimericS 
IgG assay, 
Diasorin, Saluggia, 
Italy). 

Positive serology: 
≥13.0AU/mL 

14 days 
after 2nd 
dose  

IMID 

Furer et al, 
2021(51) 

BNT162b
2 vaccine 

686, auto-immune 
inflammatory 
rheumatic 
diseases 

Patients: 59 
(19-88) 
 
Controls: 50 
(18-90)  

Patients:  
211/686 
(30.7%)  
 
Controls: 
43/121 
(35.5%)  

Israel NIL 121, 
healthy 

 Using the 
LIAISON  
(DiaSorin) 
quantitative 
assay.  

Positive serology: 
≥15 BAU 

2-6 weeks after 
the second 
vaccine dose 

 

Rubbert-
Roth et al, 
2021(52) 

9 patients 
received 
mRNA-
1273 
vaccine 
while the 
rest 
received 
BNT162b
2 vaccine 

53, rheumatoid 
arthritis on 
DMARDs 

NIL NIL Switzerlan
d 

NIL 20, 
healthy 

 Roche 
Elecsys 
Anti-SARS-
CoV-2  
spike 
subunit 1 
(S1) assay 
that 
measures 
antibodies to 
SARS-CoV-
2 spike 
protein 1 
and to 
SARS-CoV-
2 
nucleoprotei
n  
 

Positive serology: 
≥15 U/mL 
  
 

3 weeks after first 
dose and 2 weeks 
after second dose 
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Deepak et 
al, 
2021(53) 

Either 
BNT162b
2 vaccine 
or mRNA-
1273 
vaccine 

 133, Chronic 
inflammatory 
disease (e.g. 
IBD, RA) 

Patients: 
45.5 (16)  
 
Controls: 
NIL  

Patients: 
34/133 
(25.6%)  
 
Controls: 
NIL  

US  117/133 
White, 
9/133 
Asian, 
4/133 
Black of 
African 
America
n, 2/133 
America
n Indian 
or 
Alaska 
Native, 
1/133 
Multi-
racial 

53, healthy  anti-S IgG 
quantification using 
ELISA, ELISpot 
assays to quantify 
recombinant S 
protein-binding IgG- 
secreting cells.  
 
Neutralization 
assays: 
fluorescence-based 
platform 

Seroconversion 
definition not 
explicit.  
 

1-2 
weeks 
after 2nd 
dose  

Achiron et 
al, 
2021(54) 

BNT162b
2 vaccine 

 125, multiple 
sclerosis  

Patients:  
-data 
separated 
into 
subgroups-  
 
Controls: 
54.3 (43.1-
61.9) 

Patients: 
53/125 
(42.4%)  
 
Controls: 
17/47 
(36.1%) 

Israel NIL 47, healthy anti-spike protein-
based serology 
(EUROIMMUN) 

Positive serology: 
Index value of 1.1 
or higher 

1 month 
after 2nd 
dose 

Geisen et 
al, 
2021(55) 

BNT162b
2 vaccine 
or mRNA-
1273 
vaccine 

 26, chronic 
inflammatory 
disease  

Patients: 
50.5 (+- 
15.8) (range: 
24-89)  
 
Controls: 
37.5 (+- 
13.4) 
(Range: 22-
61) 
 

Patients: 
(?/26) 
35.7%  
Controls: 
13/42 
(30.8%) 
 

Germany NIL 42, healthy 
 

IgG antibodies 
against SARS-CoV-
2 were quantified 
by ELISA according 
to manufacturer’s 
protocol 
(EUROIMMUN 
Quan-tiVac). 
 

Seroconversion 
data not available, 
and definition of 
seroconversion not 
explicit.  
 

7 days 
after 2nd 
dose 
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Izmirly et 
al, 
2021(56) 

Controls: 
BNT162b
2 vaccine 
and 
mRNA-
1273 
vaccines, 
SLE 
patients: 
BNT162b
2 vaccine 
and 
mRNA-
1273 
vaccines 
or 
Ad26.CO
V2.S 
vaccine 
 

 90, SLE 
patients 

Patients: 
45.5 (14.2) 
 
Controls: 
45.3 (14.2) 

Patients: 
11/90 
(12.2%) 
 
Controks: 
8/20 (40%)  
 

US Patients: 
43/90: 
White 
16/43: 
Black 
17/43: 
Asian 
14/43: 
Other 
  
Controls: 
13/20: 
White 
2/20: 
Black 
4/20: 
Asian 
1/20: 
Other 

20, healthy 
controls 

IgG seroreactivity to 
the SARS-CoV-2 
spike receptor-
binding domain 
(RBD) and SARS-
CoV-2 
microneutralization 
were used to 
evaluate B cell 
responses 

Seroconversion 
data not available, 
and definition of 
seroconversion not 
explicit.  
 

Median of 
23 or 24 
days 
between 
2nd 
vaccine 
dose and 
post- 
vaccine 
blood 
draw 
 

Mahil et al, 
2021(57) 

BNT162b
2 vaccine 

 84, patients with 
psoriasis 
 
77, patients with 
psoriasis 
receiving 
immunosuppres
sants 

Controls & 
Patients:  
43 (31-52)  
 
Controls:  
34 (27-46) 
 
Patients 
(reported in 
subgroups) 
 

Patients: 
47/84 
(56.0%)  
 
Controls: 
9/17 (53%) 
 

UK NIL 17, healthy 
controls  

ELISA Positive serology: 
EC50 value of 25 
was used for anti-
SARS-CoV-2 IgG 
titres 

28 days 
after 
vaccinatio
n. 

Medeiros-
Ribeiro et 
al, 
2021(58) 

CoronaVa
c vaccine  

 859, 
autoimmune 
rheumatic 
diseases  

Patients: 51 
(40-60)  
 
Controls: 50 
(41-60) 

Patients: 
210/910 
(23.1%) 
 
Controls: 
42/182 
(23.1%)  

Brazil Patients: 
482/910 
Caucasi
ans 
(53%)  
 
Controls: 
82/182 

179, controls A chemiluminescent 
immunoassay was 
used to measure 
human IgG 
antibodies against 
proteins S1 and S2 
in the receptor-
binding domain 

Positive serology: 
≥15.0�UA/ml 

28 days 
after 1st 
dose and 
69 days 
after 2nd 
dose 
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Caucasi
ans 
(45.1%) 

(RBD) (Indirect 
ELISA, LIAISON 
SARS-CoV-2 S1/S2 
IgG, DiaSorin). 

Reuken et 
al, 
2021(59) 

AZD1222 
vaccinein 
18 
patients 
and 14 
controls 
and an 
mRNA-
based 
vaccine in 
10 
patients 
and 13 
controls in 
the first 
dose, all 
received 
an mRNA 
vaccine 
as the 
second 
dose. 

 28 patients with 
IBD were 
included in the 
analysis, among 
them 17 
patients with 
Crohn’s disease 
(CD) and 10 
patients with 
ulcerative colitis 
(UC) and one 
with not defined 
IBD.  

Patients: 42 
(36-59)  
 
Controls: 
NIL (age- 
and sex-
matched) 

Patients: 
15/28 
(53.6%)  
 
Controls: 
NIL (age- 
and sex-
matched) 

Germany  NIL 27, age- and 
sex-mastched 
controls 

Liaison SARS- 
CoV-2 Trimerics 
IgG CLIA on the 
LiaisonXL 
(DiaSorin, Saluggia, 
Italy) 

Positive serology: 
SARS-CoV-2-
specific trimeric 
spike glycoprotein 
≥13 AU/ml or ≥33.8 
BAU/ml 

3 weeks 
after 1st 
dose 

Seyahi et 
al, 
2021(60) 

CoronaVa
c vaccine  

 104 patients 
with immune-
mediated 
diseases 

Information 
in its 
subgroups of 
hospital 
workers and 
elderly 
population, 
unable to 
pool 
together.  

Patients: 
35/104 
(33.7%)  
 
Controls: 
130/347 
(37.5%)  

Turkey  NIL 347, controls Elecsys® Anti-
SARS-CoV-2 assay 
(Roche Diagnostics 
International Ltd, 
Rotkreuz, 
Switzerland)  

antibodies against 
receptor binding 
domain of the S1 
spike protein (anti-
spike SARS-CoV-2 
IgG) 
 
Positive serology: 
≥�0.8 U/mL 

 3 weeks 
after 2nd 
dose 

Haberman 
et al, 
2021(61) 

BNT162b
2 vaccine 

 25 patients with 
IMID on 
methotrexate 

IMID on 
MTX: 63.2 
(11.9) 

IMID on 
MTX: 18/25 
 

USA NIL 26, healthy EUROIMMUN 
Analyzer I platform 

Positive serology: 
5000 units or 
greater 

Healthy 
controls: 
29.0 days 
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26 patients with 
IMID not on 
treatment 

 
IMID no 
MTX: 49.1 
(14.9) 
 
Controls: 
49.2 (11.9) 

IMID no 
MTX: 18/26 
 
Controls: 
16/26 

(4.6)  
 
IMID no 
MTX: 32.5 
days (5.0)  
 
IMID on 
MTX: 34.6 
days (9.9) 

Simon et 
al, 
2021(62) 

At least 
one dose 
of 
BNT162b
2 vaccine 

 84 patients with 
various IMIDs 
and immuno-
modulatory 
therapy 

IMIDs: 
53.1±17.0 
 
Controls: 
40.8±12.0 

IMIDs: 29/84 
 
Controls: 
78/182 

USA NIL 182, healthy EUROIMMUN 
Analyzer I platform 

Positive serology: 
≥0.8 (OD 450 nm) 

At least 10 
days after 
vaccinatio
n 

*Study reported data amongst both solid cancer and haematological cancer patients 

Table 3: Antibody titres after the first dose of COVID-19 vaccine 

Source Outcome n, 
compromised 

Median IQR n, 
controls 

Median IQR Fold difference 
(Control / 
compromised) 

Endpoints of data collection 

Solid cancers          

Terpos et al, 2021 SARS-
CoV-2 NAb 
inhibition 

59 22% 13.4 to 
30.2% 

283 38% 23 to 54% 1.73 22 days after 1st dose 

Goshen-Lago et al, 
2021 

SARS-
CoV-2 
S1/S2 IgG 

86 42.3 AU/mL - 261 72.0 
AU/mL 

- 1.70 10 days after 1st dose 

Palich et al, 2021 
(Dose 1)‡ 

SARS-
CoV-2 anti-
S IgG 

64 359 UA/mL 178 to 998 
UA/mL 

25 680 
UA/mL 

360 to 930 
UA/mL 

1.89 Median 27 
(Immunocompromised) and 
23 days (Healthy) after 1st 
dose 

Haematological cancers        
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Chowdhury et al, 2021 SARS-
CoV-2 anti-
S IgG 

59 75 AU/mL 19 to 328 
AU/mL 

232 630 
AU/mL 

284 to 
1328 
AU/mL 

8.4 At least 14 days after 1st 
dose 

Parry et al, 2021 SARS-
CoV-2 
Spike IgG 

86 0.4 U/mL - 95 41.6 
U/mL 

- 104 Median 43 days after 1st 
dose 

Pimpinelli et al, 2021 
(Multiple myeloma) 

SARS-
CoV-2 
S1/S2 IgG 

42 7.5 AU/mL 95%CI: 5.6 to 
10.4 AU/mL 

36 17.1 
AU/mL 

95%CI: 
12.0 to 
24.1 
AU/mL 

2.28 21 days after 1st dose 

Pimpinelli et al, 2021 
(Myeloproliferative 
neoplasms) 

SARS-
CoV-2 
S1/S2 IgG 

42 16.2 AU/mL 95%CI: 11.7 
to 22.3 
AU/mL 

- - - 1.06 21 days after 1st dose 

IMID          

Rubbert-Roth et al, 
2021 

SARS-
CoV-2 anti-
S1 IgG 

51 0.4 U/mL 0.4 to 2.13 
U/mL 

20 99.2 
U/mL 

24.8 to 
172 U/mL 

248 3 weeks after 1st dose 

Medeiros-Ribeiro et al, 
2021 

SARS-
CoV-2 IgG 

859 5.1 AU/mL 4.7 to 5.5 
AU/mL 

179 10.3 
AU/mL 

8.5 to 12.5 
AU/mL 

2.02 28 days after 1st dose 

Reuken et al, 2021 SARS-
CoV-2 IgG 

20 57.2 BAU/mL - 23 105.0 
BAU/mL 

-  21 days after 1st dose 

Mahil et al, 2021 SARS-
CoV-2 IgG 

77 43 25 to 162 17 101 55 to 200 2.35 28 days after 1st dose  

Organ transplant           

Mazzola et al, 2021‡ SARS-
CoV-2 Anti-
spike Ab 

9 153 AU/mL 129 
to 
860 

 Not 
reported 

- - - 28 days after 1st dose 
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Schramm et al, 2021 SARS-
CoV-2 IgG 

50 (2 patients 
showed a 
response) 

-  50 82 
BAU/mL 

41 to 149 
BAU/mL 

- 21 days after 1st dose 

‡data was only reported amongst seropositive individuals 
 
Table 4: Antibody titres after a second dose of COVID-19 vaccine 

Source Outcome n, 
compromised 

Median IQR n, 
controls 

Median IQR Fold difference 
(Control / 
compromised) 

Endpoints of 
data collection 

Solid cancers          

Palich et al, 2021 
(Dose 2) 

SARS-CoV-2 
anti-Spike IgG 

111 252U/mL - 24 2517U/mL - 9.99 3-4 weeks 
after 2nd dose 

Massarweh et al, 
2021 

SARS-CoV-2 IgG 102 1931 AU/mL 509 to 4386 
AU/mL 

78 7160AU/mL 3129 to 11241 
AU/mL 

3.71 Median of 38 
(patients) or 
40 days 
(controls) after 
2nd dose 

Eliakim-Raz et al, 
2021 

SARS-CoV-2 
anti-Spike IgG 

95 417 AU/mL 136 to 895 
AU/mL 

66 1220 AU/mL 588 to 1987 
AU/mL 

2.93 Approx 4 
months after 
2nd dose  

Haematological cancers 

Herishanu et al, 
2021 

SARS-CoV-2 
anti-Spike IgG 

52 0.824U/mL 0.4 to 167.3U/mL 52 1084U/mL 128.9 to 
1879U/mL 

1315.5 2-3 weeks 
after 2nd dose 

Parry et al, 2021 SARS-CoV-2 
anti-Spike IgG 

9 53 U/mL - 59 3900 U/mL - 73.6 Median 18 
days after 2nd 
dose 

Tzarfati et al, 2021 SARS-CoV-2 IgG 315 85 AU/mL 10.7 to 172 
AU/mL 

108 157 AU/mL 130 to 221 
AU/mL 

1.85 
 

30-60 days 
after 2nd dose 
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Pimpinelli et al, 
2021 (Multiple 
myeloma) 

SARS-CoV-2 
S1/S2 IgG 

42 106.7 AU/mL* 95%CI: 62.3 to 
179.7 AU/mL 

36 353.3 
AU/mL* 

95%CI: 255.6 
to 470.0 
AU/mL 

3.31 14 days after 
2nd dose  

Pimpinelli et al, 
2021 
(Myeloproliferative 
neoplasms) 

SARS-CoV-2 
S1/S2 IgG 

50 172.9 AU/mL* 95%CI: 106.5 to 
257.0 AU/mL 

- - - 2.04 14 days after 
2nd dose  

Organ transplant          

Rabinowich et al, 
2021‡ 

SARS‐CoV‐2 
anti-S1/S2 IgG 

38 95.41AU/mL +/- 92.4AU/mL 25 200.5AU/mL +/- 65.1AU/mL 2.10 10-20 days 
after 2nd dose 

Schramm et al, 
2021 

T-cell response 
following boost 
SARS-CoV-2 
vaccination, The 
Interferon (IFN)-γ 
response to spike 
antigens SARS-
CoV-2 peptides 

50 0.031 0.007 to 0.141 50 0.512 0.172 to 1.281 16.52 21 days after 
boost dose 

Mazzola et al, 
2021‡ 

SARS-CoV-2 
anti-Spike Ab 

38 759 AU/mL 257 to 3269 Not 
reported 

- - - 28 days after 
2nd dose 

Grupper et al, 2021 SARS-CoV-2 
anti-Spike IgG 

136 31.05 AU/mL* 41.8† 25 200.5* 65.1† 6.46 10-20 days 
after 2nd dose 

Korth et al, 2021 SARS-CoV-2 IgG 23 50.9 AU/mL* 138.7† 23 727.7* 151.3† 14.30 15.8 +/− 3.0 
days after 2nd 
dose 

Marinaki et al, 2021 
 

SARS-CoV-2 
anti-RBD IgG 

20 1370AU/mL - 116 11710AU/mL - 8.55 10 days after 
2nd dose 
(median) 
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Miele et al, 2021 SARS‐CoV‐2 
anti-S1/S2 IgG 

16 87.32 UA/mL - 23 233 UA/mL - 2.67 At least 15 
days after 2nd 
dose 

Schramm et al, 
2021 

SARS-CoV-2 IgG 50 (5 patients 
showed a 
response) 

- 50 1417 
BAU/mL 

732 to 2589 
BAU/mL 

- 21 days after 
2nd dose 

Rashidi-Alavijeh et 
al, 2021 

SARS-CoV-2 IgG 43 216 BAU/mL -  20 >2080 
BAU/mL 

- >9.63 Median 15 
days (IQR, 
12–24) after 
2nd dose 

Narasimhan et al, 
2021 

SARS-CoV-2 IgG 73 1.7 AU/mL 95%CI: 
0.6-7.5 
AU/mL 

 49 14209 
AU/mL 

95%CI: 11261 
to 18836 
AU/mL 

8358.24 Median 17.5 
days 
(BNT162b2) or 
median 19 
days (mRNA-
1273) after 
2nd dose 

Hod et al, 2021 SARS-CoV-2 
anti-RBD IgG 

120 83.7* 95%CI: 
50.52 
to 
138.8† 

 202 482.3*  95%CI: 410.9 
to 566† 

5.76 2-4 weeks 
after 2nd dose 

IMID 

Achiron et al, 2021 
(Cladribine) 

SARS-CoV-2 IgG 23 7.0 6.5 to 8.1 47 7.4 6.4 to 8.1 1.06 1 month after 
2nd dose 

Achiron et al, 2021 
(Fingolimod) 

SARS-CoV-2 IgG 26 0.27 0.12 to 0.45 - - - 27.41 1 month after 
2nd dose 

Achiron et al, 2021 
(Ocrelizumab) 

SARS-CoV-2 IgG 44 0.29 0.06 to 0.89 - - - 25.52 1 month after 
2nd dose 
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Geisen et al, 2021 SARS-CoV-2 IgG 26 2053 BAU/mL* 1218 BAU/mL† 42 2685 
BAU/mL* 

1102BAU/mL† 1.31 7 days after 
dose 2 

Haberman et al, 
2021 

SARS-CoV-2 IgG 25 46901 Range: 25 to 
694528 

26 104354 Range: 141 to 
601185 

2.23 1 week after 
2nd dose 

Furer et al, 2021 SARS-CoV-2 
S1/S2 IgG 

686 132.9 BAU/mL* 91.7 BAU/mL† 121 218.6 
BAU/mL* 

82.06BAU/mL† 1.65 2-6 weeks 
after 2nd dose 

Simon et al, 2021 SARS-CoV-2 IgG 84 6.47* 3.14† 182 9.36* 1.85† 1.45 At least 10 
days after 2nd 
dose 

Reuken et al, 2021 SARS-CoV-2 IgG 12 1119 BAU/mL - 12 1570 
BAU/mL 

- 1.40 21 days after 
1st dose 

Medeiros-Ribeiro et 
al, 2021 

SARS-CoV-2 
S1/S2 IgG 

859 27.0 AU/mL 95%CI: 24.7 to 
29.5 AU/mL 

179 67.0 AU/mL 95%CI: 59.8 to 
74.9 AU/mL 

2.48 6 weeks after 
2nd dose 

Izmirly et al, 2021 SARS-CoV-2 
Anti-RBD IgG 

90 235.2 units/mL 75.9 to 531.4 
units/mL 

20 435.7 units/ 
mL 

269.0 to 768.6 
units/mL 

1.85 A median of 
23 to 24 days 
after 2nd dose  

* serological titres were measured and reported as means 
†value is reported as standard deviation 
‡data was only reported amongst seropositive individuals 

 

 . 
C

C
-B

Y
-N

C
-N

D
 4.0 International license

It is m
ade available under a 

 is the author/funder, w
ho has granted m

edR
xiv a license to display the preprint in perpetuity. 

(w
h

ich
 w

as n
o

t certified
 b

y p
eer review

)
T

he copyright holder for this preprint 
this version posted O

ctober 1, 2021. 
; 

https://doi.org/10.1101/2021.09.28.21264126
doi: 

m
edR

xiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/


 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 1, 2021. ; https://doi.org/10.1101/2021.09.28.21264126doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/


 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 1, 2021. ; https://doi.org/10.1101/2021.09.28.21264126doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/


 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 1, 2021. ; https://doi.org/10.1101/2021.09.28.21264126doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/


 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 1, 2021. ; https://doi.org/10.1101/2021.09.28.21264126doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/


 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 1, 2021. ; https://doi.org/10.1101/2021.09.28.21264126doi: medRxiv preprint 

https://doi.org/10.1101/2021.09.28.21264126
http://creativecommons.org/licenses/by-nc-nd/4.0/

