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Resumen 

Las vacunas son una herramienta esencial para combatir la pandemia por COVID-19, y hay 
varias que están siendo desarrolladas y usadas a nivel mundial. Estas usan diferentes tecnologías 
para presentar el antígeno, generando así diferentes respuestas en el sistema inmune. Existe una 
necesidad de identificar un bio-marcador que indique si una persona ha alcanzado un nivel 
mínimo de eficacia protectora contra la enfermedad, aclarando pasos futuros para el desarrollo de 
las vacunas, como por ejemplo aplicación de futuras dosis. En este trabajo examinamos títulos de 
anticuerpos (GTM) y eficacia protectora reportada por desarrolladores de vacunas para 
establecer una correlación entre ellos. El GTM es una métrica semi cuantitativa que permite 
comparar títulos de anticuerpos entre las distintas vacunas, así hallan sido obtenidas con 
diferentes metodologías. Encontramos una correlación débil y positiva, indicando que los títulos 
de anticuerpos son buenos candidatos como proxy de protección.  

Abstract 

Vaccines are an essential tool to fight the pandemic of COVID-19, and several are being 
developed and used worldwide. They use different technologies to present the antigen, thus 
generating different responses in the immune system. There is a need to identify a biomarker that 
indicates if a person has reached a minimum protective efficacy against the disease, shedding 
light on future steps for vaccine development, for instance future doses that might be needed. In 
this work we examine antibody titles (GTM) and vaccine efficacy reported by manufacturers and 
establish a correlation between them. GTM is a semi-cuantitative metric that allows the 
comparison of the antibody titles across the vaccines, even if they were obtained through 
different methodologies. We found a weak positive correlation, indicating that antibody titles are 
a good candidate as a protection proxy. 
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Introduction 

On March 11, 2020, the World Health Organization (WHO) declared a pandemic of the disease 
COVID-19, caused by the novel coronavirus named SARS-CoV-2. While the first cases were 
reported in Wuhan, China, so far more than 151 million confirmed cases and more than 3.2 
million deaths worldwide have been reported. (1). As a result, the international scientific and 
medical community accelerated the generation of tools to face the pandemic, such as diagnostic 
tests, drugs, and vaccines. 
Vaccines have received great attention, not only because of their potential as a prophylactic tool 
but also due to the lack of antiviral drugs (2). Vaccine development was boosted when the first 
complete genomic sequence of the virus was released in January, 2020. Now, a little more than a 
year later, there are several vaccines that are in advanced stages of testing or released in the 
market and more than 1 billion (billion = 1,000,000,000) doses have been applied (3). 
There are several biotechnologies for vaccine production, including nucleic acids (DNA and 
RNA), viral vectors (replicative and non-replicative), inactivated, live attenuated, subunits, and 
others (4). Each of these have different pathways for antigen presentation and therefore might 
affect the immune system in different manners. Human immune response is sensitive to minor 
changes, meaning that immunogenicity and protective efficacy might be different for each 
vaccine prototype. Nevertheless, regardless of the prototype, they all must reach minimum 
thresholds on safety, immunogenicity, and protective efficacy to be licensed for public use. 
Currently there is a strong need to identify protective efficacy correlates. These biomarkers must 
have the capacity to indicate, independently from the particular technology every vaccine 
prototype has relied on, when a human’s immune response reaches a point of effective protective 
immunity. These markers will allow the identification of people who have reached protective 
efficacy criteria and those who are at any particular risk, understand how often vaccination 
boosts might be needed, and to speed up the development of even better vaccines. 
Antibodies are good candidates for biomarkers that inform when a person's immune system has 
reached minimum protective efficacy thresholds for two reasons. First, their biological activity 
(neutralization, activation of complement, and antibody-dependent cellular cytotoxicity) is 
associated with protective efficacy in several viral diseases. Second, it is easy to assess their 
quantity and quality in laboratory settings. To this date, no clear relationship between quantity of 
antibodies and efficacy of vaccines for COVID-19 has been drawn, and only a few specific case 
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studies have been published (5). However, there is evidence that vaccines to protect from 
COVID-19 produce levels of antibodies that are comparable with those produced by natural 
infections (6, 7, 8). The goal of this work is to explore the existence of a possible relationship 
between antibody titles and the protective efficacy informed by vaccine manufacturers in 
efficacy trials. To do this, we will explore the research that has been published in order to obtain 
data of antibodies and protective efficacy and preform a correlation to establish if there is any 
potential correlation between the two. 

Materials and methods 

Sources of information 
In April, 2020, the London School of Hygiene & Tropical Medicine developed a server with 
information that is constantly updated about vaccines to COVID-19 that are under development 
and the publications that support it (9). This tool allowed us to select the vaccines to be included 
in this study. Inclusion criteria was being reported as in public use by April 30, 2020. Then, we 
used databases and search engines to find the articles with relevant information about antibodies 
and efficacy of vaccines that were selected.  

Information about antibodies 
Geometric Mean Titers (GTM) were extracted as reported by each paper, as well as information 
relevant to the assay used to quantify them. This is a semi-cuantitative metric that allows for 
comparison of the antibody titers, even if they were obtained through different methodologies. 

Information about protective efficacy 
For each of the selected vaccines included in this study, we extracted the efficacy that was 
officially reported, wether this was reported as a reduction on percentage of infections or the 
amount of severe COVID-19 cases after full vaccination. 

Data analysis 
The values of GTM were subjected to a logarithmic transformation. Spearman’s rank correlation 
in R version 4.0.3. Categorical variables were given as frequencies or percentages with 95% 
Wilson-confidence intervals (CI95%). 

Results  

Sources of information 
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Although there are many vaccines in development, at the date this document was written, only a 
few had published studies on efficacy. Five vaccines had this information publicly available: 
Pfizer’s BNT162b2 (10, 11), AstraZeneca’s Azd1222 (ChAdOx1 nCoV-19) (12, 13), Janssen’s 
Ad26.COV.S (14, 15), Moderna’s mRNA-1273 (16, 17), and Gamaleya’s Sputnik V (18, 19). 
These are the vaccines most widely use across the globe (20).  

Information about antibodies and protective efficacy 
All the vaccines studied reported production of an acceptable level of antibodies: the difference 
between the baseline and the levels post-vaccination was significant (using a p value of p<0.05 to 
evaluate said difference). It is important to note that these values were reported by each vaccine 
developer and were not calculated here. The efficacy of all vaccines was greater than 60% (table 
1) at prevention of disease and almost 100% at prevention of severe COVID-19 (data not 
shown).  
Antibody titles (GTM) and efficacy at disease prevention can be seen in table 1, which shows a 
wide range of antibody production, but also shows that efficacy was greater than 60% in all 
cases. This efficacy was reported as a proportion of infections in vaccinated vs unvaccinated 
groups. 

Table 1. Summary of vaccines, trial subject details, antibody production and efficacy of disease 
prevention. 

Summary of vaccine trials

Vaccine N (% 
Female)

Population Dosage Units Antibody 
response 
(GTM)

Efficacy of disease 
prevention (%)

Janssen 805 
Healthy adults, 
no pregnant or 

5x10^10 Geometric 
mean titre, 

224.00
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Data analysis 

There is a positive correlation between vaccine efficacy and antibody titres (r=0.3) as seen in 
figure 1. Spearman’s rank correlation showed rho value of 0.34 and a p-value of 0.23. This 
correlation is shown in figure 1.  
 
Figure 1. Vaccine efficacy expressed as a percentage vs GTM antibodies across vaccines. The 
correlation is 0.3, p-value = 0.2332 

Janssen 
Ad26.COV2.
S (14, 15)

805 
(51%)

Healthy adults, 
no pregnant or 
HIV-positive 
individuals

5x10^10 
(1 or 2 
doses)

Geometric 
mean titre, 
IC50 (95% 
CI)

827.00 64

277.00

Oxford 
ChAdOx1 
nCoV-19 /
AstraZeneca 
Azd1222 / 
Covidshield 
(12, 13)

1077 
(50%)

Healthy adults, 
no pregnant or 
HIV-positive 
individuals

1 dose at 
5 × 
10^10 
viral 
particles

Median titre, 
ID50 (IQR) 

218.00

67

274.00

395.00

185.00

178.00

Gamaleya 
Sputnik V 
(18, 19)

76 (30%)

Healthy adults, 
no pregnant or 
HIV-positive 
individuals

Frozen 
10^11 
rAd26/10
^11 rAd5 Geometric 

mean titre, 
ID50 (95% 
CI) 

49.25

91.6
Lyo 
10^11 
rAd26/
^1011 
rAd5

45.95

Moderna 
mRNA-1273 
(16, 17)

167 
(51%)

Healthy adults, 
no pregnant or 
HIV-positive 
individuals

100 µg

Geometric 
mean 
response, 
ID80 (95% 
CI)

654.30

94.11692.00

1613.00
Pfizer 
BNT162b2 
(10, 11) 

12 (49%)

Healthy adults, 
no pregnant or 
HIV-positive 
individuals

30 µg 

Geometric 
mean 
concentratio
n (95% CI) 

27872 95
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Discusion  

Vaccine development to prevent or mitigate COVID-19 disease has occurred at unprecedented 
rates. A process which normally takes several years or even decades has been carried out several 
times in just under two years. However, new information about the pathogen, its effects on the 
body short and long term, its treatment, and its possible prevention keeps arising. The need for a 
biomarker to indicate protection becomes more pressing as placebo controlled trials are harder to 
carry out (21).  
In this study we found a correlation between antibodies measured in GTM and the vaccine 
efficacy reported by the developers. Other studies (23) have compared neutralizing antibodies 
across the vaccines, showing significant differences in production. Evidence (24) has been found 
of strong correlations between levels of neutralizing antibodies and vaccine efficacy. A robust 
correlation was found when the metric was transformed using a ratio of GTM:Convalescent 
serum values. The authors suggest this is due to a lack of calibration to a common standard. 
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However, it is important to take into account that there is not a true standardization of the 
convalescent serum panel, and the difference in test subjects can have an effect in this ratio. Even 
so, more steps should be taken to ensure that the values presented across the vaccines are 
comparable.   
Results of correlation reported here must be taken in context. Only five vaccines were assessed 
because, even though there are plenty of vaccine candidates and several vaccines have been 
approved, published data of Phase III trials are scarce (25). There is also a lack of longer term 
studies on the behavior of antibodies, with data of more than four weeks available only for the 
BNT162b2 vaccine. There is still no consensus on the threshold of protection, and data across 
multiple studies and populations is unavailable (24). 
Age related specificity in the protective humoral response was not taken into account for this 
analysis, in part due to lack of information of antibody titels for age cohorts in all vaccines. 
Analysis of the correlation of efficacy in subgroups (age, race, diseases or conditions, etc.) is a 
necessary next step to further asses which vaccine fits patients and countries better.  
Neutralizing antibodies remain promising biomarkers for level of protection: those elicited by 
vaccines play a major role in neutralization and clearance of the virus and they also correlate 
with receptor-binding domain protein levels (26). There is some debate on the suitability of 
neutralizing antibodies as the gold standard for assessing the clinical efficacy of the COVID-19 
vaccines (27). Different studies in non human primates (28) and natural history (29) show 
neutralizing antibodies correlate with protection and can be used to estimate it. Antibody titles 
are also promising as a correlate of protection, and might be more useful than neutralizing 
antibodies. This is because antibody titles are more easily measured in laboratory settings, which 
in turn makes it a more scalable form of establishing protection. 
On the other hand, antibodies are not the only response induced in the body by the disease or the 
vaccine. Antigen-specific T cell response can also contribute to vaccine efficacy. Only the 
BNT162b2 vaccine provides adequate data in this regard, showing that “most participants had T 
helper type 1 skewed T cell immune responses with receptor-binding domain-specific CD8+ and 
CD4+ T cell expansion” but the extent of the response varied across individuals (30).  
There is still a need to find a suitable biomarker of protection, not only to “provide a path” for 
vaccine regulation and approval of future vaccines, but also for Phase IV studies, evaluation of 
protection in the vaccinated population, and prediction of protection durability (31). 
There are limitations to using neutralizing antibodies as a biomarker for protection, and for 
comparing different studies using SMD. On one hand, SMD is a statistical difference, which 
lacks the component of clinical measures. On the other hand, some vaccines (AstraZeneca, 
Moderna, Pfizer) showed substancial efficacy even thought they elicited low neutralization titers 
after the first dose. The assays used to measure antibody titles vary across vaccines, which is a 
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major limitation. However, since GTM is a semi-cuantitative metric, it allows for these 
preliminary comparisons. It is possible that a stronger correlation could be found if there was a 
standardized way of measuring and reporting antibody production. 
Future works attempting to establish a correlation between biomarkers and vaccine efficacy 
should include antigen-specific T cell response as a metric of efficacy. There is also an urgency 
in establishing efficacy and protection of vaccines for different strains of the virus. Lastly, as 
suggested by Earle, et al. (24), future steps to achieve a suitable biomarker should establish 
comparability of methods across studies by using WHO International Standard (NIBSC20/136) 
to report neutralizing antibody titers in IU/ml and using a relevant proficiency panel. This should 
be accompanied by an agreement on an assay (for example, neutralization assay as proposed by 
Muruato, et al. (32) to serve as a gold standard assay and to allow comparison across studies. 
There is also a need to reach a consensus on a minimum protective antibody level for 
COVID-19, and, where possible, to determine thresholds of protection against severe disease.  

Conclusions  

The databases consulted contained several papers of different vaccine candidates with 
information on neutralizing antibodies. However, only a handful of papers presenting vaccine 
efficacy in a Phase III study were available. With this information, we found a significant 
correlation between GTM of neutralizing antibodies and vaccine efficacy. We maintain that 
neutralizing antibodies are a suitable biomarker for vaccine efficacy. We also state that there 
needs to be a consensus on the levels of antibodies needed to protect agains disease and that 
other metrics, like T cell response, need to be added as metrics to determine vaccine efficacy. 
There is also a pressing need to create and standardize neutralization assays in order to better 
asses biomarkers and their relation to protection. Lastly, we suggest future steps to achieve a true 
and reliable biomarker of protection against COVID-19.   
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