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Protection duration after vaccination or infection, and efficacy of a third dose by 
vaccination or booster by infection 
 
Summary of request/problem 
 
The duration of protection against COVID-19 after vaccination and infection needs to be 
assessed in order to adjust the duration of a vaccination/convalescence certificate and 
estimate the benefit of a three-dose vaccination scheme.   
 
Executive summary: 

People who have recovered from COVID-19 are protected from hospitalization at least as 
well as people who have received two doses of a mRNA vaccine. This evidence comes from 
studies that have characterized the magnitude, decay kinetics and protective capacity of 
SARS-CoV-2 specific B and T cell responses after vaccination or infection. Initial titers of 
neutralizing antibody titers are 2-4-fold higher after mRNA-vaccination than after SARS-
CoV-2 infection. The similar levels of protection against hospitalization in vaccinated and 
recovered individuals suggests that additional immune responses, and possibly improved 
affinity maturation of SARS-CoV-2 Spike-specific antibody responses, compensate for 
overall higher SARS-CoV-2 Spike specific antibody responses in vaccinees. Furthermore, 
antibody titers vary at least 3-fold between individuals with severe and mild SARS-CoV-2 
infection.   

Protection against SARS-CoV-2 infection and associated hospitalization is waning both in 
people who have received two vaccine doses (double-vaccinated) and in those who have 
recovered from SARS-CoV-2 infection. Similarly, immune responses in vaccinees and 
convalescents are waning with similar kinetics. Studies comparing the three COVID vaccines 
that are licensed in Switzerland suggest that protection from mild breakthrough infection 
with the Delta Variant of SARS-CoV-2 decreases within 6 months from 85-90% to around 
60% for mRNA-1273 (Moderna), to around 45% for BNT162b2 (BioNTech/Pfizer), and to 
around 20% for Ad26.COV2.S (Johnson&Johnson). SARS-CoV-2 infected BNT162b2 
vaccinated individuals were also found to transmit the Delta variant of SARS-CoV-2 with 
70% efficacy compared to naïve individuals 14 weeks after vaccination. Long term 
protection against mild reinfection after convalescence is more robust than after BNT162b2 
and at least comparable to mRNA-1273 vaccination. Protection against severe symptoms 
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after SARS-CoV-2 infection of vaccinees and convalescents is more robust and seems to 
have only declined to around 60-80% after 6 months of mRNA vaccination with similar risk 
factors predisposing for hospitalization as in unvaccinated individuals. This results primarily 
in significant hospitalization frequencies of vaccinated individuals among advanced aged 
groups and individuals with co-morbidities. 

A third dose vaccination increases the protection against infection from round 50% to at 
least 95% across age classes. Third dose vaccination was shown to increase SARS-CoV-2 
Spike specific antibody levels by more than 10-fold compared to the timepoint prior to the 
third dose application, and even 2- to more than 10-fold compared to antibody titers 
shortly after the second vaccine dose for both mRNA-1273 (Moderna) and BNT162b2 
(BioNTech/Pfizer). SARS-CoV-2 breakthrough infection after two dose vaccination 
broadened immunity and demonstrated superior boosting of SARS-CoV-2 Spike specific 
antibody responses.  

In older individuals (>65 years), a third dose of BNT162b2 (BioNTech/Pfizer) reduces the 
risk for both infection and hospitalization by more than 10-fold 14 days after third dose 
vaccination, but the durability of this response remains unclear. However, extrapolating 
the data on neutralizing antibody titers and waning protection after two dose mRNA 
vaccination it is expected that after a third dose protection against mild Delta infection and 
transmission should be maintained above 50% for 9-15 months also in risk groups like 
persons over 65 years of age.  

Overall, a third dose has been shown in Israel to effectively prevent hospitalizations, 
especially in risk groups, as well as to limit virus transmission in the entire population (10-
fold compared to double-vaccinated individuals) in the first months after boosting. 
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Main text 
 
Recent studies on COVID-19 vaccines licensed 
in Switzerland, i.e. a two-dose schedule of the 
mRNA vaccines, mRNA-1273 (Moderna) and 
BNT162b2 (BioNTech/Pfizer), and a single 
dose of the viral vector vaccine, Ad26.COV2.S 
(Johnson&Johnson) have assessed the 
durability of their protective efficacy against 
SARS-CoV-2 infection, SARS-CoV-2 associated 
hospitalization, and prevention of SARS-CoV-2 
transmission by vaccinees who have become 
infected. Here we summarize some of the 
current evidence about the duration of 
protection after vaccination and infection, as 
well as potential benefits of third dose 
vaccination. 
 
1. Differences in SARS-CoV-2 specific immune 
responses after vaccination or infection 
 

A broader immune response with protective T 
cell responses against SARS-CoV-2 Membrane, 
Nucleoprotein, nsp3 and ORF3a, plus a 
potentially diagnostically valuable antibody 
response against SARS-CoV-2 Nucleoprotein can 
be observed in individuals that have recovered 
from infection 1-3. SARS-CoV-2 Spike specific 
antibody responses are on average 2-fold lower 
in convalescents than in BNT162b2 and 4-fold 
lower than in mRNA-1273 but 2-fold higher than 
in Ad26.COV2.S vaccinated individuals 4,5 (Figure 
1). However, virus neutralizing SARS-CoV-2 
antibody responses against the Spike protein 
vary widely after recovery from SARS-CoV-2 
infection according to age and severity of 
infection, including individuals who are 
presumably protected from severe reinfection 
and pneumonia by rapid activation and 
recruitment of memory B and T cell responses. 
However, substantial and prolonged local 

 

Figure 1: Understanding the relationship 
between neutralization and protection. The 
reported mean neutralization level from phase 1 
and 2 trials and the protective efficacy from 
phase 3 trials for seven vaccines, as well as the 
protection observed in a seropositive 
convalescent cohort, are shown The 95% CIs are 
indicated as vertical and as horizontal whiskers. 
The red solid line indicates the best fit of the 
logistic regression model and the red shading 
indicates the 95% predictive interval of the 
model. (Figure 1a from Khoury et al., Nat Med 
2021.) 

 
Figure 2: Time dependent vaccine 
effectiveness against SARS-CoV-2 infection as 
estimated from Cox proportional hazards 
models, adjusted for age, race, ethnicity, sex, 
and comorbidity score. Vaccine effectiveness 
presented as (1- hazard ratio * 100) and 95% 
confidence intervals. Effectiveness for each 
month was estimated from contasts using 
product terms for vaccination status by time 
to most recent RT-PCR assay. 
(Figure 1 from Cohn et al., Science 2021.) 
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protection in the upper respiratory tract is largely lacking due to their low SARS-CoV-2 Spike 
specific antibody titers 4,6-8. Despite often low antibody titers, especially after mild SARS-
CoV-2 infection, the prolonged presence of viral antigens during infection, compared to 
mRNA vaccination, allows for higher affinity antibodies to emerge with continuous affinity 
maturation during 6 months after infection in convalescents 9-11. The most potent immune 
responses with respect to both breadth and magnitude described were so far observed in 
vaccinated individuals that were subsequently infected with SARS-CoV-2 12. 
 
2. Kinetics of protection against re-infection with mild or severe symptoms 
Virus neutralizing antibody levels were 
found to correlate with protection from 
SARS-CoV-2 infection in people who had 
received two doses of vaccine 4 (Figure 1). 
However, this protection wanes during six 
months after the second dose of vaccination 
for all three vaccines licensed in Switzerland. 
In a study from the US, protection from 
infection by SARS-CoV-2 decreased within 6 
months from 85-95% to 60% for mRNA-
1273, to 45% for BNT162b2, and to 15% for 
Ad26.COV2.S 13 (Figure 2). Similar decreases 
were also reported in the UK and Israel, 
among other countries 8,14-18. Reinfections 
with SARS-CoV-2 were also observed 
between 6 to 12 months after initial 
infection, although at a significantly lower 
rate than in BNT162b2 vaccinated 
individuals 19. The best protection against 
reinfection was observed in individuals that 
had previously been infected and then been 
vaccinated by one dose of BNT162b2. Within 
a similar time scale SARS-CoV-2 infected 
BNT162b2 vaccinees regained the capacity 
to transmit the virus 15. 14 weeks after the 
second dose, transmission capacity was 
found to be again 70% of the capacity of 
non-immune infected individuals (Figure 3). 
In contrast to a majority of vaccinees becoming susceptible to infection after 6 months, 
protection from severe disease and hospitalization was sustained at 80% after this time 
period, and mainly individuals with risk factors such as old age and comorbidities became 
susceptible to breakthrough infections with severe symptoms 14,16,18,20,21. However, this 
protection further declined to below 50% between 6 and 9 months in a recent Swedish 
study including a substantial part of individuals immunized not with mRNA but adenovirus 
based vaccines 22.  Thus, breakthrough infection with mild symptoms and significant 
transmission capacity occurs in many vaccinees after six months (around 2-fold protection 
compared to unvaccinated), while protection from severe disease is still maintained at a 
high level of 60-80% in the people at risk (up to 5-fold protection) and around 10-fold 

 
Figure 3: Rate ratios for positive PCR tests in 
contacts by time since second vaccination in 426 
index cases (panel A), delta variant, and vaccine 
type. Panel A compares the rate of positive PCR 
results in tested contacts, comparing the impact of 
index case vaccination status to an unvaccinated 
index case. The dashed horizontal line indicates 
the probability of a positive-PCR result in an 
unvaccinated case after contact with an 
unvaccinated index case. The shaded area 
indicates the 95% confidence interval. There was 
no evidence that fitting different rates by variant 
for the change in protection over weeks since 
second vaccine improved model fit. 

 (Figure 1a, right panel from Eyre et al., medRxiv 
2021.) 
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protection in the general population. However, in the aged population and in individuals 
with comorbidities this modest reduction in protective efficacy puts a significant number 
of individuals at increased risk for hospitalization28. 
 
3. Protection after third dose vaccination or boosting by infection 
Third dose of both mRNA-1273 or BNT162b2 raises neutralizing antibody responses against 
SARS-CoV-2 more than 10-fold and this level exceeds even the SARS-CoV-2 Spike specific 
antibody levels after second dose vaccination by 2- to more than 10-fold, depending on the 
study 23-25. Compared to two doses of primary mRNA-immunization 6 months previously 
this translates into a more than 10-fold increased protection against infection and 
hospitalization in the 65 plus year old population 14 days after a BNT162b2 third dose 26. 
Population data from Israel suggest that a third dose 6 months after BNT162b2 will 
significantly decrease the risk of hospitalization in all age groups above 40 years compared 
to vaccination with two doses 27. A breakthrough infection of vaccinated individuals seems 
to boost virus neutralizing antibody titers even higher, possibly 5-fold more than a third 
dose of mRNA-1273 12,23,24. However, the long-term protection by a third dose vaccination 
still needs to be evaluated and solid data will probably emerge >6 months after initiation 
of the booster campaign in Israel. A rough estimate of the potential duration of protection 
after boosting can be made using the following data: levels of neutralizing antibodies after 
boosting compared to levels after the 2nd dose (2- to 10-fold higher) 23-25, level of protection 
in relation to the level of neutralizing antibodies 4, half-life of SARS-CoV-2 neutralizing IgG 
of 90-110 days 4, and decay of protection against mild breakthrough infection after the 
second mRNA-vaccine dose to about 50% within 6 months 13. Using these data we estimate 
that after a third dose, protection against mild Delta infection and transmission should be 
maintained at a level of more than 50% for 9-15 months for the whole 
population. Protection against severe infection of >80% is expected to be more long lasting. 
However, if viral variants with enhanced properties of immune evasion and/or increased 
transmissibility compared to Delta should become prevalent in Switzerland the duration or 
the level of protection might be substantially attenuated. Nevertheless, the available data 
on SARS-CoV-2 specific immunity confirm the basic immunological knowledge that with 
each additional antigen exposure (by re-infection or booster vaccination), the immune 
response may become stronger and more long-lasting.  

 
Conclusions 
Protection against infection wanes in BNT162b2 and mRNA-1273 double-vaccinated 
people to around 50% after 6 months. These vaccinees with breakthrough infection 
transmit the Delta Variant of SARS-CoV-2 with more than 50% of the efficacy of 
unvaccinated individuals. Giving vaccinated or infected individuals a third dose of a mRNA 
vaccine will increase their protection against infection to >95% within two weeks (ie. 20-
fold protection compared to an unvaccinated individual). From an epidemiological 
perspective, this increase in protection against infection has at least four consequences. 
First, it decreases the overall number of infections so that virus circulation in the 
population is slowed down. This can reduce the burden on the health care system, in 
particular in the cold season where transmission of SARS-CoV-2 is elevated. Second, 
people in close contact with individuals who cannot be vaccinated or are very vulnerable 
can minimize - through a third dose - the risk that they infect these individuals. Third, by 
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reducing the number of infections, the risk of post-acute sequelae of COVID-19 is reduced 
since these sequela (“long COVID”) have been shown to also occur after breakthrough 
infections 28-30. Finally, protection against severe disease has waned to around 60-80% 
in 65-year-old or older vaccinees. A third dose vaccination reduces their hospitalization 
risk by more than 10-fold. This benefit does not only restore immune protection to levels 
after the second vaccine dose, but increases immune responses even further and seems 
to induce sufficient immunity in vaccinees for which two doses were not sufficient for 
protection against SARS-CoV-2 infection.  

While the individual benefit of boosters takes effect within 10-14 days, giving the current 
epidemiologic situation (mid-November 2021) with doubling times of infections of about 
two weeks, the epidemiological benefits are largely dependent on the speed at which a 
third dose will be delivered to a large proportion of the eligible population.    
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