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Abstract 

COVID-19 vaccine effectiveness against SARS-CoV-2 Delta variant: A systematic review 

 

Joseph White, MPH 

 

University of Pittsburgh, 2021 

 

 

Abstract 

 

 

Introduction: The coronavirus disease 2019 (COVID-19) pandemic continues to inflict 

significant morbidity and mortality globally. The asymmetric distribution of vaccines continues to 

foment the emergence of more transmissible SARS-CoV-2 variants of concern (VOC). Research 

has shown a reduction in vaccine effectiveness (VE) against these variants, with the most recent 

being the B.1.617.2 (Delta) variant. The aim of this systematic review is to synthesize COVID-19 

VE estimates and their 95% confidence intervals (95% CI) against SARS-CoV-2 Delta variant 

infection, symptomatic disease, and hospitalization. An updated synthesis of VE estimates against 

Delta variant is necessary to inform clinical decision-making, policy decisions, and promote 

vaccine development to protect against future variants.  

Methods: A comprehensive literature search was conducted using the Ovid-MEDLINE 

database on October 16, 2021. Observational studies examining VE of WHO-approved COVID-

19 vaccines were included. The Newcastle-Ottawa Scale (NOS) was used to assess the quality of 

the non-randomized observational studies included in this review. 

Results: Eleven studies met eligibility criteria to be included in the review. Overall VE 

estimates against SARS-CoV-2 Delta variant infection for WHO-approved vaccines reported in 

this review ranged from 59% [95% CI: 16, 81.6] to 75% [95% CI: 71, 78]. VE against symptomatic 

Delta variant infection was reported as 79.6 [76.7, 82.1]. Overall VE against Delta variant 
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hospitalization ranged from 86% [95% CI: 82, 89] to 93% [95% CI: 84, 96]. VE against specific 

vaccines was also reported.  

Conclusions: Studies included in this review provide evidence that VE against the Delta 

variant of SARS-CoV-2 is less than VE against previous VOC and wild type SARS-CoV-2 for 

preventing infection, symptomatic disease and hospitalization. This review demonstrates the vital 

need for continuous surveillance of VE so that vaccine programs are dynamic and adaptable to the 

epidemiology of COVID-19. Subsequent research is necessary to examine if the primary reason 

for reduced VE is VOC immune evasion or waning immunity due to time. This review is relevant 

to public health practice because it can inform how vaccine programs should adapt to the dynamic 

nature SARS-CoV-2, in measures such recommending booster doses for certain populations.  
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1.0 Introduction 

1.1 Background 

          COVID-19 was declared a global pandemic by the World Health Organization (WHO) on 

March 11, 2020.1 The causative agent of COVID-19 is severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), an enveloped β-coronavirus that emerged in late 2019.2 As of 

October 2021, over 230 million infections and over 4.8 million deaths have occurred globally.3 To 

prevent further catastrophic human and economic costs associated with the pandemic, a paradigm 

shift in vaccine approval was critical. Prior to emergence of SARS-CoV-2, the vaccine 

development process generally took years from initial development to approval and widespread 

use.4 The spread of COVID-19 necessitated the rapid development of vaccines that built on the 

foundation of previous work creating vaccines to prevent SARS (severe acute respiratory 

syndrome) and MERS (Middle east respiratory syndrome).4  

          Evidence from clinical trials of several COVID-19 vaccine candidates demonstrated the 

safety and immunogenicity of these vaccines in the prevention of symptomatic laboratory-

confirmed disease, severe disease, and death.5–10 As of October 16, 2021, seven efficacious 

COVID-19 vaccines have been approved for use by the WHO: mRNA-1273 (Moderna), 

BNT162b2 (Pfizer), Ad26.COV2.S (Janssen/Johnson &Johnson), AZD1222 (Oxford 

/AstraZeneca), Covishield (Oxford/AstraZeneca formulation; Serum Institute of India), BIBP-

CorV (Sinopharm), and CoronaVac (Sinovac).11 As of October 2021, 6.7 billion vaccine doses 

have been administered across the world.3 

https://sciwheel.com/work/citation?ids=11898525&pre=&suf=&sa=0&dbf=0
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          Observational studies (e.g., retrospective cohort, test-negative case control) of vaccine 

effectiveness (VE) for COVID-19 have shown sustained protection against the wild type virus 

under real-world conditions against symptomatic and severe disease.12–14 As SARS-CoV-2 rapidly 

spread through the global population, variants emerged that demonstrated a change in antigenicity 

of the spike protein.15 Reports have shown WHO-classified variants of concern (VOC), including 

the B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma), and B.1.617.2 (Delta) variants, have superior 

immune evasion (i.e., escaping detection by SARS-CoV-2 antibodies) and viral load relative to 

SARS-CoV-2 parent lineages due to mutations in the spike protein of the virus, ultimately leading 

to increased transmissibility.16–18 These mutations are significant  because the antigen target for 

licensed COVID-19 vaccines is the SARS-CoV-2 spike protein, thus, significant mutations in the 

variant spike proteins may attenuate vaccine-induced neutralizing antibody response.15 There is a 

demonstrated decrease in effectiveness against each successive VOC compared to wild type.20  In 

a meta-analysis of VE against VOC, Liu and colleagues reported that the pooled VE against Alpha 

variant infection was 85% [95% CI: 80, 91], 75% [95% CI: 71, 79] for the Beta variant, and 54% 

[95% CI: 35, 74] for the Gamma variant.19 VE against SARS-CoV-2 Delta variant and during times 

of high Delta spread in the population has not been well-studied.  

          Currently, Delta is the dominant variant in circulation as of October 2021.21 Delta emerged 

in India in December 2020 and made up the highest proportion of cases between June and July 

2021 across the globe.21 Despite some reports of attenuated VE against variants, the BNT162b2 

has shown robust neutralizing antibody response against all VOC to date in sera that were drawn 

from vaccinated individuals two weeks post-vaccination.22 The exact immune correlates of 

protection have not been established for SARS-CoV-2,23 however, there is evidence that antibodies 

generated by the BNT162b2 vaccine are effective against the Delta variant.22 More research is 

https://sciwheel.com/work/citation?ids=11134294&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11134294&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=10695207&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11930074&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11930074&pre=&suf=&sa=0&dbf=0
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needed to assess vaccine impact on COVID-19 incidence and prevalence for all WHO-approved 

vaccine platforms. 

1.2 Gaps in Knowledge 

As time since vaccination passes, neutralizing antibodies against SARS-CoV-2 have been 

shown to decrease, leading to reduced protection against COVID-19.24 Further investigation is 

needed to discern whether attenuated VE is due to waning immunity or immune evasion of the 

Delta variant. Observational, test-negative designs are commonly used to establish VE post-

vaccine licensure when the use of randomized controlled trials (RCTs) would face ethical 

challenges.25 This systematic review will describe current VE estimates of WHO-approved 

vaccines against the Delta variant from observational studies.  

1.3 Public Health Significance 

Better understanding of waning vaccine-induced immunity to COVID-19 and potential 

vaccine-escape of SARS-CoV-2 VOC is necessary to develop a dynamic vaccine program to 

control COVID-19. VE data are used to make decisions about booster doses and which vaccines 

should be indicated for those who are immunocompromised. Due to the dynamic nature of the 

Delta variant and the expedited pace of publications investigating VE, an updated synthesis of the 

literature is necessary. This information can inform clinical decision-making, policy decisions, and 

promote vaccine development to protect against future variants. 
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2.0 Objective 

The aim of this systematic review was to synthesize COVID-19 vaccine effectiveness (VE) 

estimates against SARS-CoV-2 Delta variant infection, symptomatic disease, and hospitalization 

and to provide insight into current vaccine protection and examine how VE was affected by Delta 

variant immune evasion and waning effectiveness over time.  
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3.0 Methods 

3.1 Search Strategy 

A comprehensive literature search was conducted using the Ovid-MEDLINE database on 

October 16, 2021. Institutional access was granted through the University of Pittsburgh Health 

Sciences Library System (HSLS), and a HSLS librarian with expertise in systematic reviews 

assisted in the search. Search queries included terms related to SARS-CoV-2, COVID-19, WHO-

approved COVID-19 vaccines, and the Delta variant. Articles were restricted to the English 

language. The specific search terms (Table 1) must have appeared in the title or the abstract. 

EndNote X9 and Sciwheel software were used for reference management. HSLS-developed 

systematic review spreadsheets were used for all screening activities.26 

Table 1. Search terms used in the Ovid-MEDLINE database to retrieve articles assessing vaccine effectiveness 

(VE) agaisnt SARS-CoV-2 Delta variant 

Line # Search terms 

1. (Moderna or "mRNA-1273" or mRNA1273).ti,ab,kf,rn. 

2. 
("Pfizer/BioNTech" or PfizerBioNTech or Pfizer or BioNTech or 

BNT162b2).ti,ab,kf,rn. 

3. (Janssen or Johnson or "Ad26.COV2.S" or Ad26COV2S).ti,ab,kf,rn. 

4. 
("Oxford/AstraZeneca" or OxfordAstraZeneca or AstraZeneca or 

AZD1222).ti,ab,kf,rn. 

5. ((serum adj1 Institute adj2 India) or Covishield).ti,ab,kf,rn. 

6. (Sinopharm or "BBIBP-CorV" or BBIBPCorV or (Vero adj1 Cells)).ti,ab,kf,rn. 

7. (Sinovac or CoronaVac).ti,ab,kf,rn. 

8. 1 or 2 or 3 or 4 or 5 or 6 or 7 

9. COVID-19 Vaccines/ 

10. COVID-19/ 

11. (covid or (sars adj1 cov) or coronavirus).ti,ab,kf,rn. 

12. 10 or 11 
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13. vaccination/ or mass vaccination/ 

14. (vaccine* or vaccination*).ti,ab,kf. 

15. 13 or 14 

16. 12 and 15 

17. 9 or 16 

18. 8 or 17 

19. (delta or "B.1.617.2" or "B-1-617-2").ti,ab,kf,rn. 

20. 18 and 19 

21. limit 20 to English language 

3.2 Eligibility Criteria 

Articles were included in the review if they were primary research studies (i.e., not a review 

or meta-analysis) assessing VE against the SARS-CoV-2 Delta variant specifically or during times 

of predominant Delta variant circulation using one of the WHO-approved COVID-19 vaccines at 

the time of literature search. Inclusion was restricted to peer-reviewed observational studies 

indexed as of October 16, 2021. Studies that used non-human participants, did not control for 

confounding in their VE estimates (e.g., by age), and did not verify vaccination status using a 

reliable record (e.g., medical record, government surveillance database, etc.) were excluded. 

Further, studies were excluded if they reported VE of partial vaccination only (e.g., one dose of a 

two-dose series), Studies that did not report a Delta variant-specific VE measure (e.g., against 

infection, symptomatic disease, or hospitalization) were also excluded. Conference presentations, 

abstracts, and preprints were not included in this review to ensure articles underwent a full peer-

review process. While the speed of the pandemic necessitates quick sharing of information, this 

review did not include pre-prints due to the uncertainty in the quality of the data being reported. 

Peer-review increases the quality of the methods and data provided by the researchers. 
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3.3 Data Abstraction 

Data abstracted from the selected articles included:  name of vaccine(s) evaluated, 

observational study type (e.g., case control or cohort study), country of the study, population type, 

age of participants, demographic information, sample size, length of follow-up, number of cases 

and controls, VE outcomes (e.g., against symptomatic disease, infection, hospitalization) and 

whether the VE estimate was adjusted and by which covariates. For studies that investigated VE 

stratified by time since vaccination, median time from vaccination to outcome was recorded. VE 

directly against Delta as confirmed by genomic testing and VE assessed during times of majority 

Delta variant circulation (derived from the study or genomic surveillance reports) were included 

and directly compared. Data were visualized using Excel and R version 4.0.3 (2020-10-10). 

3.4 Study Assessment 

The Newcastle-Ottawa Scale (NOS) was used to assess the quality of the non-randomized 

observational studies included in this review.27 The assessment consists of a point system in which 

each category has a certain number of points to be earned, with slightly different criteria for case 

control and cohort studies.  

For case control studies, the evaluation categories included Selection (0-4 points), 

Comparability (0-1 point), and Exposure (0-2 points). In the Selection category, the reviewer 

assessed the adequacy of the case definition, the representativeness of the cases, and selection and 

definition of controls. The comparability category was assessed on the comparability of cases and 

controls based on the design or analysis. Ascertainment of exposure and non-response rate were 
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evaluated in the Exposure Category. Non-response rate is not relevant to the test-negative design; 

therefore, it was dropped from the assessment for this systematic review.  

For cohort studies, the evaluation categories included Selection (0-4), Comparability (0-1), 

and Exposure (0-3). Selection was assessed by the representativeness of the exposed cohort, the 

selection of the non-exposed cohort, ascertainment of exposure, and demonstration that the 

outcome of interest was not present at the start of the study. Comparability was assessed similarly 

to case control studies through considering the comparability of cohorts based on the design or 

analysis. The Outcome category was evaluated on the assessment of the outcome, follow-up being 

long enough for outcomes to occur, and the adequacy of cohort follow-up.  

3.5 Vaccine Effectiveness Measurement 

Vaccine effectiveness is a relative measure assessing how well a vaccine performs in “real-

world” conditions, unlike the controlled environment of an RCT where vaccine efficacy can be 

derived.28 In cohort studies, VE is determined by examining risk of disease outcome between 

vaccinated and unvaccinated groups; it is interpreted as the proportionate reduction in disease 

among the vaccinated group. It is reported as a percentage and is calculated as one minus the 

relative rate ratio of association, multiplied by 100% (1 – the incidence rate ratio (IRR) times 100). 

Hazard ratios calculated from Cox proportional hazard models can also be used to calculate VE 

and be used to control for confounding factors through inclusion of relevant terms in the model.  

Case control studies that use a test-negative approach compare the frequency of vaccination 

in care-seeking symptomatic test-positive (case) and test-negative (control) individuals.29 VE is 

calculated using (1 – the odds of vaccination) times 100 between the cases and control groups. 

https://sciwheel.com/work/citation?ids=5053278&pre=&suf=&sa=0&dbf=0
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Logistic regression can be used to estimate the odds while adjusting for additional covariates that 

may be confounding factors of the exposure, such as age or gender. Heterogeneity in population 

composition, vaccine schedules (who was eligible for vaccination at what time), community 

prevalence, behaviors (i.e. increased social interactions), follow-up period, and predominant 

variants may influence VE estimates.30,31 

3.6 Outcomes 

Studies were included in the review if they reported Delta variant-specific VE or VE 

measured during times of Delta variant predominance. The primary outcomes examined were VE 

against symptomatic or asymptomatic Delta variant infection (test positive only), symptomatic 

disease (test positive with clinical signs and symptoms), and hospitalization (test positive and 

admitted to hospital due to complications of COVID-19 infection). VE against death was not 

examined in this review due to low COVID-19 mortality amongst vaccinated individuals against 

the preceding VOC.19 The VE estimates and their 95% confidence intervals for each study were 

tabulated. A subgroup analysis examined VE stratified by vaccine type in the studies that provided 

vaccine-specific estimates. In studies that reported the VE as an aggregate of data, these estimates 

were classified as overall VE and reported separately from vaccine-specific VE. The VE estimates 

were visualized with their confidence intervals using forest plots.  
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3.7 Study Characteristics 

The search query returned 336 articles from the Ovid-MEDLINE database. Five duplicate 

articles were removed prior to title and abstract screening; therefore 331 records underwent title 

and abstract screening against the eligibility criteria. Of the 331 abstracts screened, twenty-five 

articles fulfilled the eligibility criteria and were selected for full-text review. Following full-text 

review, eleven studies satisfied criteria for selection into the systematic review (Figure 1).32–42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flowchart for articles assessing COVID-19 vaccine effectiveness against Delta variant obtained 

from the Ovid-MEDLINE database 
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4.0 Results 

4.1 Study Characteristics 

Of the 11 studies that satisfied the selection criteria, five studies were conducted in the 

United States,32,33,35,37,40 one in China,36 one in Israel,34 two in the United Kingdom,41,42 one in 

Scotland,39 and one in Norway. (Table 1)38 Five studies were analyzed as test-negative case control 

studies,32,35,36,39,42 five were analyzed as cohort studies,33,34,37,38,40 and one was a population-level 

survey.41 Study populations examining VE included the general population of adults 18 years and 

older in the US, general population of those 16 years and older in the UK and Scotland, those in 

the Kaiser Permanente Southern California health system (KSPC) ages 12 and older, the general 

population of adults ages 18 and older in Norway, adolescents 12-15 years in Israel, a cohort of 

healthcare workers, essential workers, hospitalized veterans, and first responders in the US, and 

adults in an outbreak of Delta variant in China. (Table 2) 

Table 2. Characteristics of studies evaluating COVID-19 Vaccine Effectiveness (VE) against SARS-CoV-2 

Delta variant infection and during Delta variant predominance 

Study Country Population Study Type Vaccine(s) evaluated Follow-up interval 

Fowlkes 

et al 2021 

US Adult Frontline 

Workers (≥18 years) 

Prospective 

cohort 

BNT162b2, mRNA-

1273, Ad26.COV2.S 

December 14, 2020 

to August 14, 2021 

Robilotti 

et al 2021 

US Healthcare personnel 

(≥18 years) 

Retrospective 

cohort 

BNT162b2 November 1, 2020 to 

August 31, 2021 

Tartof et 

al 20212 

US Population in KSPC3 

(≥12 years) 

Retrospective 

cohort 

BNT162b2 December 14, 2020 

to Aug 8, 2021 

Bajema et 

al 2021 

US Veterans (≥18 years) Test-negative 

case control 

mRNA-1273, 

BNT162b2 

February 1–August 

6, 2021 
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Grannis 

et al 20211 

US Adults (≥18 years) Test-negative 

case control 

mRNA-1273, 

BNT162b2, 

Ad26.COV2.S 

June–August 2021 

Glatman-

Freedman 

et al 20212 

Israel Adolescents (12-15 

years) 

Retrospective 

cohort 

BNT162b2 July 1 to August 26, 

2020 

Li et al 

2021 

China Adults (≥18 years) Test-negative 

case control 

BBIBP-

CorV/CoronaVac 

-- 

Seppala 

et al 2021 

Norway Population (≥18 

years) 

Retrospective 

cohort 

BNT162b2, mRNA-

1273, ChAdOx1, 

ChAdOx1 and mRNA, 

combo mRNA 

April 15, to August 

15, 2021 

Sheikh et 

al1 

Scotland Population (≥18 

years) 

Test-negative 

case control 

BNT162b2, ChAdOx1 April 1, 2021 to June 

6, 2021 

Lopez 

Bernal et 

al1 

UK Population (≥16 

years) 

Test-negative 

case control 

BNT162b2, ChAdOx1  April 12 to May 30 

2021 

Pouwels 

et al 20211 

UK Population (≥16 

years) 

Population 

survey 

BNT162b2, ChAdOx1 May 17 to August 1 

2021 

1=Stratified VE against Delta by vaccine type; 2=Stratified VE against Delta by time since vaccination; 3=Kaiser Permanente 

Southern California; ‘--'=Not reported; BNT162b2=Pfizer; mRNA-1273=Moderna; Ad26.COV2.S=Johnson & 

Johnson/Janssen; ChAdOx1=AstraZeneca/Oxford; BBIBP-CorV=Sinovac 

The most common VE outcome measured among all studies was SARS-CoV-2 test-

positive infection in nine of the 11 studies.33,34,36–41 For all the test-negative case control studies, 

logistic regression models were used to calculate OR in the VE calculation (1-OR). VE models 

were most commonly adjusted by age, sex, calendar week (week during pandemic), geographic 

region (location of cases), race (White/Caucasian, Black/African American, Asian/Pacific 

Islander, American Indian or Alaska native) and ethnicity (Hispanic/Latino). Spline terms (to 

address temporal confounding) and interactions (to assess effect modification) were included by 
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some researchers in their models for variables dealing with age, calendar day, and number of prior 

COVID tests.  

Three of the five retrospective cohort studies used hazard ratios (HR) for VE calculation 

(1-HR) derived from Cox proportional hazards models.33,38,40 The other cohort studies used 

incidence rate ratios for VE calculation (1-IRR).34,37 In the Cox models, the studies were adjusted 

for age, sex, race/ethnicity, underlying comorbidities (diabetes, cancer etc.), occupation, 

epidemiologic week (week of COVID-19 pandemic), and other sociodemographic characteristics. 

Three of the 11 studies reported VE against COVID-19 hospitalization,32,35,40 two studies 

reported VE against symptomatic COVID-19 infection,39,42 and one study assessed VE against 

emergency department or urgent care (ED/UC) visits that were not admitted to the hospital.35 All 

studies defined full vaccination as >14 days after second dose of the vaccine for those that require 

two doses or 14 days after a single-dose vaccine. 

4.2 Newcastle-Ottawa Scale Risk of Bias Assessment 

The NOS assessment results for the test-negative case controls studies ranged from 6 to 7 

out of a maximum 7 (Appendix A). The most frequent point loss was in studies that used hospital 

controls.32,35 Li and colleagues were deducted a point in the Exposure section because cases and 

controls were not identified using the same method; controls were draw from  close contacts 

identified through case investigation.36 

The NOS results for cohort studies also ranged from 6 to 7 out of a maximum 8. Points 

were most commonly lost in the Outcome section because of inadequate follow-up. The WHO 

recommends that VE studies have 12 months of follow up for sound interpretation,43 and none of 

https://sciwheel.com/work/citation?ids=11664939&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11664943&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11880339&pre=&suf=&sa=0&dbf=0
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the cohort studies satisfied this criterion to examine VE against Delta. A study of health care 

personnel also lost a point for weak comparability between exposed and unexposed cohorts where 

those who were vaccinated were much more likely to be tested compared to the unvaccinated 

cohort. Overall, NOS assessment indicated that the test-negative case control and cohort studies 

included in this review were of high quality (Appendix A). 

4.3 Primary Outcomes 

Overall VE (non-vaccine specific VE) estimates against SARS-CoV-2 Delta variant 

infection (test-positive) for WHO-approved vaccines reported in this review ranged from 59% 

[95% CI: 16, 81.6]36 to 75% [95% CI: 71, 78]. (Figure 2)40 Additionally, VE against symptomatic 

Delta variant infection was reported as 79.6 [76.7, 82.1]. (Table 3)42 Overall VE against Delta 

variant hospitalization ranged from 86% [95% CI: 82, 89]35 to 93% [95% CI: 84, 96]. (Figure 3)40 

Table 3. COVID-19 Vaccine Effectiveness (VE) against infection, symptomatic disease, and hospitalization 

from the SARS-CoV-2 Delta variant and during Delta variant predominance 

  Overall VE % reported [95% CI] 

Study Vaccine(s) evaluated Population Infection Symptomatic 

infection 

ED/UC 

visit1 

Hospitalization 

 

Fowlkes et 

al 2021 

BNT162b2, mRNA-1273, 

Ad26.COV2.S 

Adult Frontline 

Workers (≥18 years) 

66 [26, 84] -- -- -- 

Robilotti et 

al 2021 

BNT162b2 Healthcare personnel 

(≥18 years) 

75.6 [68.2, 81] -- -- -- 

Tartof et al 

2021 

BNT162b2 Population in KSPC2 

(≥12 years) 

75 [71, 78] -- -- 93 [84, 96] 
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Bajema et al 

2021 

mRNA-1273, BNT162b2 Veterans (≥18 years) -- -- -- 89.3 [80.1, 94.3] 

Grannis et 

al 2021 

mRNA-1273, BNT162b2, 

Ad26.COV2.S 

Adults (≥18 years) -- -- 82 [81, 84] 86 [82, 89] 

Glatman-

Freedman 

et al 2021 

BNT162b2 Adolescents (12-15 

years) 

91.5 [88.2, 

93.9] 

-- -- -- 

Li et al 2021 BBIBP-CorV/CoronaVac Adults (≥18 years) 59.0 [16.0, 

81.6] 

-- -- -- 

Seppala et 

al 2021 

BNT162b2, mRNA-1273, 

ChAdOx1, ChAdOx1 and 

mRNA, combo mRNA 

Population (≥18 

years) 

64 [60.6, 68.2] -- 

 

-- -- 

Sheikh et al 

2021 

BNT162b2, ChAdOx1 Population (≥18 

years) 

BNT162b2: 79 

[75, 82] 

ChAdOx1:60 

[53, 66] 

BNT162b2: 83 

[78, 87] 

ChAdOx1: 61 [51, 

70] 

-- -- 

Lopez 

Bernal et al 

2021 

BNT162b2, ChAdOx1 Population (≥16 

years) 

-- 79.6 [76.7, 82.1] -- -- 

Pouwells et 

al 2021 

BNT162b2, ChAdOx1 Population (≥16 

years) 

BNT162b2: 82 

[79, 85] 

ChAdOx1: 

67 [62, 71] 

-- -- -- 

‘--'=Not reported; 1=Emergency Department/Urgent Care visit; 2=Kaiser Permanente Southern California 
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Figure 2. Overall vaccine effectiveness (VE) against SARS-CoV-2 Delta variant infection by study and 

population 
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Figure 3. Overall vaccine effectiveness (VE) against SARS-CoV-2 Delta variant hospitalization by study and 

population 
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4.4 Vaccine Effectiveness against Delta by Vaccine Type 

Six of the articles stratified by vaccine type in their reports of VE against Delta (Table 4). 

Vaccines against Delta variant included in the search results were the mRNA-1273 (Moderna, one 

study), BNT162b2 (Pfizer/BioNTech, six studies), ChAdOx1-S/nCoV-19 (AstraZeneca/Oxford, 

three studies), Ad26.COV2.S (Janssen, one study), BIBP-CorV (Sinopharm, one study), and 

CoronaVac (Sinovac, one study). The literature search produced articles examining all of the 

WHO-approved vaccines except for Covishield, an AstraZeneca/Oxford formulation produced in 

India. 

Overall VE against infection against the SARS-CoV-2 Delta variant in the general adult 

population for the BNT162b2 vaccine ranged from 75% [95% CI: 71, 78]40 to 82% [95% CI: 79, 

85].41 Against symptomatic disease, VE ranged from 83% [95% CI: 78, 87]39 to 88% [95% CI: 

85.3, 90.1].13 COVID-19-related hospitalization VE was a range of 80% [95% CI: 73, 85]35 to 93% 

[95% CI: 84, 96].40 (Table 4) 

Table 4. Vaccine-specific vaccine effectiveness (VE) against SARS-CoV-2 Delta variant or during high Delta 

variant circulation 

 
Study VE 

infection 

[95% CI] 

VE symptomatic 

[95% CI] 

VE ED/UC 

encounter 

[95% CI] 

VE 

hospitalization 

[95% CI] 

mRNA-1273 
     

 
Grannis 

et al 

2021 

-- -- 92 [89, 93] 95 [92, 97] 

      

BNT162b2 
     

 
Grannis 

et al 

2021 

-- -- 77 [74, 80] 80 [73, 85] 
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Lopez 

Bernal et 

al 2021 

-- 88.0 [85.3, 90.1] -- -- 

 
Robilotti 

et al 

2021 

75.6 [68.1, 

82] 

-- -- -- 

 
Sheikh et 

al 2021 

79 [75, 82] 83 [78, 87] -- -- 

 
Tartof et 

al 2021 

75 [71, 78] -- -- 93 [84, 96] 

 
Pouwels 

et al 

2021 

80 [77, 83] -- -- -- 

      

ChAdOx1 Lopez 

Bernal et 

al 2021 

-- 67.0 [61.3, 71.8] -- -- 

 
Sheikh et 

al 2021 

60 [53, 66] 61 [51, 70] -- -- 

 
Pouwels 

et al 

2021 

67 [62, 71] -- -- -- 

      

Ad26.COV2.

S 

Grannis 

et al 

2021 

-- -- 65 [56, 72] 60 [31, 77] 

‘--'=Not reported 

 

VE specific to the mRNA-1273 vaccine was only available against hospitalization. In the 

general population, VE of mRNA-1273 vaccine was shown to be 95% [95% CI: 92, 97]. (Table 

4)35 No other vaccine-specific data were available on VE against infection or symptomatic 

infection.  

There were three studies from Europe detailing VE for AstraZeneca/Oxford ChAdOx1 

vaccine. Vaccine-specific VE was available for the ChAdOx1 vaccine for protection against 

infection and symptomatic infection during Delta circulation predominance. Overall VE against 
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infection was found to range from 60% [95% CI: 53, 66]39 to 67% [95% CI: 62, 71].41 VE against 

symptomatic disease was found to range from 61% [95% CI: 51, 70]39 to 67% [95% CI: 61.3, 

71.8]. (Table 4)13 

The BIBP and CoronaVac VE data were from an aggregate of the two vaccines – it was 

not stratified by individual vaccine but rather for both in an outbreak of Delta variant in 

Guangzhou, China. VE against infection for these inactivated vaccines was 59.0% [95% CI: 16, 

81]. (Table 4)36 This was the only study that reported on VE from these vaccines. 

Grannis and colleagues reported vaccine-specific VE during high Delta circulation for 

hospitalization and ED/UC visits, which was found to be 60% [95% CI: 31, 77]35 and 65% [95% 

CI: 56, 72],35 respectively. (Table 4) The other studies that included the vaccine were pooled VE 

estimates for all available vaccines in the US.  

4.5 Effect of Time on Vaccine Effectiveness against Delta Variant 

Two studies stratified VE against Delta variant by time since vaccination. Glatman-

Freedman and colleagues examined VE in Israel among adolescents ages 12 to 15 during high 

Delta-variant circulation. Two to four weeks post-vaccination, VE against infection in this 

population was shown to be 91.5% [95% CI: 88.2, 93.9].34 Tartof and colleagues conducted a 

retrospective cohort study of individuals in the Kaiser Permanente healthcare system and stratified 

BNT162b2 VE by time (months) since vaccinated. VE against Delta variant infections one month 

after full vaccination was reported to be 93% [95% CI 85, 97] and declined to 53% [95% CI 39, 

65] after four months.40 There was no significant difference in VE decline between Delta and other 

variants.  
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5.0 Discussion 

This systematic review characterized current vaccine effectiveness (VE) estimates for 

WHO-approved vaccines against SARS-CoV-2 Delta variant infection, symptomatic infection, 

and hospitalization in 11 studies. Overall VE against SARS-CoV-2 Delta variant ranged from 59% 

to 75% against infection, was reported to be 79.6% against symptomatic infection, and ranged 

from 86% to 93% against hospitalization. Vaccine-specific VE against Delta variant was reported 

in six studies, with most data available for the BNT162b2 vaccine. VE for the BNT162b2 vaccine 

ranged from 60% to 80% against Delta variant infection, 83% to 88% for symptomatic infection, 

and 80% to 93% for hospitalization. The vaccine with the second most available data was the 

ChAdOx1 vaccine, with reported VE against Delta variant infection ranging from 60% to 67% and 

61 to 67% for symptomatic infection.  

Studies included in this review provide evidence that SARS-CoV-2 vaccines have 

demonstrated decreased effectiveness against COVID-19-related hospitalization, symptomatic 

disease, and infection of the Delta variant compared to previous VOC and wild type SARS-CoV-

2.15,44 A previous meta-analysis of all SARS-CoV-2 vaccines reported that VE against Alpha 

variant infection was 85%, 75% for the Beta variant, and 54% for the Gamma variant.19 This 

phenomenon of lower VE against VOC is consistent with the results of this review examining the 

Delta variant. Vaccine protection remains high against hospitalizations according to studies 

included in the review, but there was a documented decrease in VE against the Delta variant 

infection and symptomatic disease.40  

The decline in VE may be explained by the Delta variant achieving a higher viral load 

compared to previous VOC, which was demonstrated by Pouwels and colleagues, who found that 
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Delta variant reduced VE and attenuated peak viral burden.41,45 However, recent literature has 

demonstrated that vaccine-induced antibodies retain high neutralizing capacity against the Delta 

variant in sera drawn within a month after vaccination.22 Tartof and colleagues reported a VE of 

93% against Delta variant infection one month after vaccination, but demonstrated a reduction in 

VE down to 53% after 4 months.40 These results suggest that attenuated VE and breakthrough 

infections may be driven by waning effectiveness of vaccines over time. A recent study in Israel 

(published outside the database search range) demonstrated that SARS-CoV-2 infections during 

July 11 to 31 (a time of high Delta circulation) were higher among those fully vaccinated in January 

2021 compared to those fully vaccinated two months later in March.24 Further analytic studies are 

necessary to examine if VOC immune evasion or waning immunity is the primary reason for 

reduced VE.   

The findings from this review demonstrate that COVID-19 vaccine VE has decreased 

following the emergence of SARS-CoV-2 Delta variant – mainly against infection and 

symptomatic disease. Vaccine protection against hospitalization remains high, particularly for the 

BNT162b2 and mRNA-1273 vaccines. Reported VE remained consistent between both test-

negative case control studies and cohort studies. Overall, the BNT162b2 vaccine was shown to 

have the most data and the highest effectiveness against SARS-CoV-2 Delta variant infection 

among the WHO-approved vaccines. These findings have implications for vaccination programs, 

as data support the need for a booster dose to compensate for diminished SARS-CoV-2 VE. 

However, certainty about which vaccine product is superior cannot be determined based on this 

review alone, due to the limited number of studies examining each WHO-approved vaccine.  

A weakness of the literature is that context of the VE estimates can be highly variable, be 

it in case definition, study design, vaccine schedule, or population composition. Further, the small 
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sample size of articles meeting eligibility criteria for this review may reflect a broader lack of peer-

reviewed literature examining VE against the Delta variant. Only one study met eligibility criteria 

for the inactivated CoronaVac and BBIBP vaccines,36 and only one examined mRNA-1273.35 

Further research should assess how these individual vaccines perform against the Delta variant and 

future VOC.  

The NOS assessment revealed low possibility of bias in the studies included in this review, 

but observational data should still be interpreted carefully. While test-negative designs have 

advantages in alleviating selection bias like test-seeking behavior, there may be bias due to 

unmeasured confounding due to the lack of randomization. Additionally, fluctuation in sensitivity 

or specificity of PCR testing could potentially bias the results through misclassification of outcome 

status. 

Strengths of this review include the synthesis of information on a rapidly developing public 

health issue. Other reviews of VE against the Delta variant were identified but have not undergone 

the peer-review process, indicating the need for a synthesis of available data and critical appraisal. 

The NOS risk of bias assessment conducted is a strength of this study, as it established that these 

studies were methodologically sound in reporting on VE against Delta.  

There are several limitations to this review. First, a limited number of articles met 

eligibility criteria to be included in the review. This implies that regulators and public health 

authorities may be lacking crucial data to aid in pandemic response, such as data supporting the 

roll-out of booster doses. This review did not specifically examine VE after a single dose of a two-

dose series. Information about VE after single doses could inform vaccination strategies in the 

context of vaccine scarcity or where circumstances necessitate distributing single doses across an 

unvaccinated population. Another limitation in this review is the omission of neutralization studies 
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in contextualizing VE estimates against Delta. While research has shown there to be immediate 

robust neutralizing activity against Delta and other VOC, sera should be examined from those who 

have been vaccinated longer to assess immune protection.22 

Heterogeneity in populations and vaccine programs among countries and regions presents 

potential challenges in comparing VE estimates across studies. Also, some of the studies examined 

VE during periods of Delta predominance, but not directly against Delta as verified through genetic 

typing. This may lead to some bias in the measurement of VE against the SARS-CoV-2 Delta 

variant, as misclassification may have occurred. This could bias the estimate either towards or 

against the null; for instance, test-positive cases during times of Delta predominance may be 

infected by another variant. This variant may or may not have comparable fitness to the Delta 

variant. Additionally, many of these studies lacked follow-up data, which prevented collection of 

more data on VE against severe outcomes like ICU admission and death from being adequately 

calculated. 

The results of this review have demonstrated that VE against the Delta variant remains 

high against hospitalization but has shown decline against infection and symptomatic infection – 

especially as time from vaccination increases. This demonstrates the vital need for continuous 

research and surveillance of VE so that vaccine programs are dynamic and adaptable to the 

epidemiology of the COVID-19 pandemic. The findings of this review are of public health 

significance as they inform clinical decision-making, policy decisions, and further vaccine 

development necessary for safeguarding the population against SARS-CoV-2 variant.
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Appendix A Newcastle-Ottawa Risk of Bias Assessment Results 

Table 5. Newcastle-Ottawa risk of bias assessment for test-negative case control studies included in the review 

Study Selection Comparability Exposure Overall 

Score 

 

Case 

Definition 

Adequate 

Representativeness 

of cases 

Selection 

of controls 

Definition 

of controls 

Comparability of 

cases and 

controls 

Ascertainment 

of exposure 

Same method 

for cases and 

controls  
Bajema 

et al 

2021 ★ ★ 0 ★ ★ ★ ★ 6 

Grannis 

et al 

2021 ★ ★ 0 ★ ★ ★ ★ 6 

Li et al 

2021 ★ ★ ★ ★ ★ ★ 0 6 

Lopez et 

al 2021 ★ ★ ★ ★ ★ ★ ★ 7 

Sheikh 

et al 

2021 ★ ★ ★ ★ ★ ★ ★ 7 

★=1 point 
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Table 6. Newcastle-Ottawa risk of bias assessment for cohort studies included in the review 

Study Selection Comparability Outcome Overal

l Score 

  

Representativeness 

of Exposed Cohort 

Selection 

of non-

exposed 

cohort 

Ascertainment 

of exposure 

Outcome 

of interest 

was not 

present at 

start of 

study 

Comparability 

of cohorts based 

on design or 

analysis 

Assessment 

of Outcome 

Follow-

up long 

enough 

for 

outcome 

to occur 

Adequacy 

of follow-

up of 

cohorts 

 
Fowlkes 

et al 

2021 ★ ★ ★ ★ ★ ★ 0 ★ 7 

Glatman

-

Freedma

n et al 

2021 ★ ★ ★ ★ ★ ★ 0 ★ 7 

Robilotti 

et al 

2021 ★ ★ ★ ★ 0 ★ 0 ★ 6 

Seppala 

et al 

2021 ★ ★ ★ ★ ★ ★ 0 ★ 7 

Tartof et 

al 2021 ★ ★ ★ ★ ★ ★ 0 ★ 7 

★=1 point 
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