
SARS-CoV-2 Breakthrough Infections by Variant and Vaccine 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has infected more than 262 million 

people and caused over 5.2 million deaths since its emergence in December 2019. Despite the high 

effectiveness of currently available vaccines, breakthrough SARS-CoV-2 infections have been reported 

in fully vaccinated individuals in real-world studies. 

The highly infectious SARS-CoV-2 variants of concern (VOC) have been found to be the primary reason 

for breakthrough infections post-immunization. Although most SARS-CoV-2 variants have emerged 

through mutations outside the spike protein, few of them have mutations in the receptor-binding 

domain (RBD) of the spike protein, which leads to high infectivity or immune escape. 

 

Study 
Researchers compared the distribution of SARS-CoV-2 genotypes identified in 378 fully vaccinated 

individuals to the prevalence of variants that were identified by regional surveillance of SARS-CoV-2 

in the South Limburg region of the Netherlands from January to July 2021. 

The current study defined cases as patients who were fully vaccinated against SARS-CoV-2, as defined 

as being more than 14 days post two doses of Pfizer-BioNTech, Moderna, or Oxford-AstraZeneca 

vaccine or over 14 days following one dose of Johnson & Johnson vaccine, or those who had 

coronavirus disease 2019 (COVID-19)-related symptom onset and subsequently tested positive for 

COVID-19 by real-time polymerase chain reaction (RT-PCR) or antigen test. 

Patients with COVID-19-related symptoms such as cold, loss of taste or smell, diarrhea, nausea, 

fatigue, and headache were considered symptomatic. Cases reporting no COVID-19-related symptoms 

at the time of their positive test and developed no symptoms during the seven-day follow-up period 

were categorized as asymptomatic. 

Hospitalized cases and cases with fatal outcomes were classified as severe, whereas the remaining 

cases were considered to be mild-moderate. The current study employed trained personnel to collect 

combined nasopharyngeal/oropharyngeal swabs in a viral transport medium. Viral sequencing and 

mapping data were statistically analyzed. 
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Findings 
The findings of the current study showed that before the occurrence of the Delta variant, 

breakthrough cases emerged at a continuously low frequency, and the rate of SARS-CoV-2 variants 

causing breakthrough infections matched well with the distribution of those variants in the region. 

However, when the Delta variant became dominant in the region, the proportion of breakthrough 

cases versus total cases appeared to increase. It was difficult to determine whether the increase in 

the relative proportion of breakthrough infections is related to the rise of the Delta variant, as a large 

number of fully vaccinated individuals also increased during that period. 

The authors also noticed that the messenger ribonucleic acid (mRNA)-based vaccines (0.14%) led to 

fewer breakthrough infections as compared to the Johnson & Johnson/Janssen (0.46%) or Oxford-

AstraZeneca vaccines (0.89%) relative to the number of administered vaccines. A noteworthy 

difference in median age was also observed when comparing fully vaccinated individuals with severe 

symptoms to asymptomatic cases or individuals with mild-to-moderate symptoms. 

No association was established between SARS-CoV-2 genotype or type of vaccine and disease 

symptoms. Moreover, higher viral loads were identified in symptomatic individuals as compared to 

asymptomatic vaccinated individuals. 

The Delta variant-led breakthrough infections were linked to increased viral loads as compared to 

those caused by the Alpha variant. These findings suggest that the efficiency of certain types of 

vaccines decreased because of the emergence of the Delta variant and that the elderly are more 

vulnerable to severe disease through SARS-CoV-2 breakthrough infections. 

Limitations and Conclusions 
There are some limitations to this study. Since asymptomatic or mild cases from local hospitals were 

not reported to the regional public health service, the number of reported breakthrough infections is 

underestimated. Also, asymptomatic cases were followed up for only a short period of time, which 

likely led to the underestimation of symptomatic cases. 

In conclusion, this study found that SARS-CoV-2 breakthrough infections were observed to a greater 

extent in individuals who received the Oxford-AstraZeneca or Johnson & Johnson/Janssen vaccines as 

compared to those who received mRNA-based vaccines. As the Delta variant became dominant, there 

was a rapid increase in breakthrough infections, although severe disease was seen observed in the 

elderly. 

Since the Delta variant appears to reduce vaccine effectiveness and increase viral loads in both 

vaccinated and unvaccinated individuals, a booster shot for certain vaccines and at-risk populations 

might help prevent future COVID-19 outbreaks. 
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