
Observational studies conducted in several coun-
tries including Qatar (1) and the United Kingdom 

(2) have demonstrated that SARS-CoV-2 vaccination 
provides protection against symptomatic infection, 
hospitalization, and death. The role of SARS-CoV-2 
vaccination in preventing transmission from persons 
with confirmed infection to others has also been dem-
onstrated previously using household contacts as a 
high-risk exposure group (3,4). Previous work con-
ducted in England in early 2021 using the Household 
Transmission Evaluation Dataset (HOSTED) identi-

fied reduced odds of infection among unvaccinated 
household contacts of vaccinated cases compared 
with those for unvaccinated household contacts of 
unvaccinated cases (3). We studied the period in 
which the interval between vaccine doses for adults 
was as long as 12 weeks when the national program 
could focus on rapidly establishing maximum single-
dose coverage for the population (5). Consequently, 
most adults had received 1 dose of vaccine and the 
available information was insufficient to investigate 
whether additional doses of vaccine might yield fur-
ther benefits in reducing transmission. In that period, 
the Alpha variant emerged and rapidly became the 
dominant SARS-CoV-2 variant in England; house-
hold transmission was greater than that of previously 
circulating SARS-CoV-2 (6). Since then, the epide-
miologic situation has changed significantly with 
the emergence of new variants, the expansion of the 
national vaccine rollout program and subsequent in-
crease in population coverage of second and booster 
doses, and changes to public health measures. Those 
factors all underline the need for further investiga-
tion and analysis. The objective of our study was to 
expand our initial assessment of the effect of SARS-
CoV-2 vaccine on transmission to household contacts 
to include 2 doses of vaccine and incorporate the pe-
riod dominated by the Delta variant.

Methods

Dataset Creation
The creation of the routine HOSTED dataset has been 
described in detail (3,7). In brief, test-confirmed cases 
of COVID-19 in England are reported to national lab-
oratory surveillance systems (8). During the period 
studied, the widely used assays were the reverse tran-
scription PCR (RT-PCR) and the lateral flow device 
(LFD) test; national requirements to confirm a posi-
tive LFD test with a RT-PCR test and the presence of 

Effects of Second Dose of  
SARS-CoV-2 Vaccination on  

Household Transmission, England
Asad Zaidi, Ross Harris, Jennifer Hall, Sarah Woodhall, Nick Andrews,  

Kevin Dunbar, Jamie Lopez-Bernal, Gavin Dabrera

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 1, January 2023 127

Author affiliations: COVID-19 Vaccines and Epidemiology  
Division—UK Health Security Agency, London, UK (A. Zaidi,  
J. Hall, S. Woodhall, G. Dabrera); Statistics, Modelling, and 
Economics Department—UK Health Security Agency (R. Harris, 
N. Andrews); Institute for Women’s Health, University College, 
London (J. Hall); Immunisation and Countermeasures Division—
UK Health Security Agency (K. Dunbar, J. Lopez-Bernal)   

DOI: https://doi.org/10.3201/eid2901.220996

A single SARS-CoV-2 vaccine dose reduces onward trans-
mission from case-patients. We assessed the potential ef-
fects of receiving 2 doses on household transmission for 
case-patients in England and their household contacts. We 
used stratified Cox regression models to calculate hazard 
ratios (HRs) for contacts becoming secondary case-pa-
tients, comparing contacts of 2-dose vaccinated and unvac-
cinated index case-patients. We controlled for age, sex, and 
vaccination status of case-patients and contacts, as well as 
region, household composition, and relative socioeconomic 
condition based on household location. During the Alpha-
dominant period, HRs were 0.19 (0.13–0.28) for contacts 
of 2-dose BNT162b2-vaccinated case-patients and 0.54 
(0.41–0.69) for contacts of 2-dose Ch4dOx1-vaccinated 
case-patients; during the Delta-dominant period, HRs were 
higher, 0.74 (0.72–0.76) for BNT162b2 and 1.06 (1.04–
1.08) for Ch4dOx1. Reduction of onward transmission was 
lower for index case-patients who tested positive ≥2 months 
after the second dose of either vaccine.
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a negative confirmatory RT-PCR removed the initial 
positive tests from the data. Reported cases are linked 
to a Unique Property Reference Number (UPRN) via 
healthcare records associated with their National 
Health Service (NHS) number. The UPRN is an iden-
tifier allocated to each dwelling in England and can 
be used to assess property class (residential, commer-
cial, etc.) and property type (flat, semi-detached, ter-
raced, etc.). The cases’ UPRNs are then used to extract 
data on persons who share the same residence and 
may or may not themselves be cases.

Because the aim of our analysis was to estimate 
effects on transmission within the most common 
residential household groupings, we included only 
residential dwellings that had 2–10 residents in the 
dataset. We excluded single-resident households, 
households with >10 residents, and known institu-
tional settings such as care homes and prisons.

We linked the HOSTED dataset with data from 
the National Immunisation Management System 
(9) in England to obtain information for all persons 
within the cohort on the dates and types of COVID-19 
vaccination doses administered. The final dataset 
included specimen dates of cases; individual-level 
sociodemographic data for case-patients and those 
listed as residing alongside case-patients, includ-
ing age and sex; household-level sociodemographic 
data such as Index of Multiple Deprivation (IMD), 
household size, and property type; individual-level 
outcome information on hospitalizations and deaths; 
and individual-level vaccination information on the 
date and type (ChAdOx1 [AstraZeneca, https://
www.astrazeneca.com], BNT162b2 [Pfizer-BioNTech, 
https://www.pfizer.com], or mRNA-1273 [Moderna, 
https://www.modernatx.com]) of first and second 
doses for all vaccinated persons in the dataset.

Definitions
Using the chronology of specimen dates within each 
household, we defined index cases as the earliest 
case of test-confirmed COVID-19 for a household. 
We defined household contacts as all persons regis-
tered to live at the same UPRN as each index case of 
COVID-19. We defined secondary cases as a known 
household contact of an index case who had a posi-
tive SARS-CoV-2 test with a specimen date 2–14 days 
after the specimen date of the index case.

We included contacts of index cases with a speci-
men date of February 1, 2021–September 13, 2021 in 
the analysis. We excluded households in which trans-
mission patterns were likely different from house-
hold transmission in the community: households in 
which the index case was tested in the UK’s Pillar 1 

system, which historically consists predominantly of 
hospital-based testing; households in which the in-
dex case was <16 years of age and ineligible for vac-
cination during the period studied; households with 
vulnerable residents who were vaccinated before the 
general rollout in the United Kingdom (January 4, 
2021); and households with multiple index cases or 
co-primary cases.

We restricted our analysis to index cases and con-
tacts with a clearly-defined vaccination status: unvac-
cinated persons who had not received any vaccine be-
fore the index case date and fully vaccinated persons 
who had received 2 doses of vaccine, the second dose 
>14 days before the index case date. Thus, we ex-
cluded all persons with 1 dose or other partial protec-
tion from the vaccine-related analysis, although we 
counted them in the definition of household size and 
composition variables. The period of study preceded 
the rollout of booster doses for the population by age 
criteria, which began in September 2021 for adults in 
risk groups and those >50 years of age and opened to 
all adults in November 2021.

Statistical Analysis
We analyzed data in a time-to-event framework with 
household contacts at risk of being a secondary case 
2–14 days after the specimen date of the index case. 
The main variable of interest was the vaccination sta-
tus of the index case; we calculated adjusted hazard ra-
tios for contacts of index cases who had received 2 vac-
cine doses versus contacts of unvaccinated index cases.

We fitted stratified Cox regression models with 
age of index case, age of contact, household type/
size, region, and vaccination status of contact  as strata 
variables. We adjusted for week of index case speci-
men date, deprivation (IMD quintile), sex of index 
case, and sex of contact. We fitted models separately 
to each calendar month of data, February–September 
2021, and in 2 broad periods, Alpha-dominant (Feb-
ruary–May 2021) and Delta-dominant (June–Septem-
ber 2021). 

We conducted 2 sensitivity analyses. The first 
included unvaccinated contacts only, as in previ-
ous analyses (3), to enable us to compare our find-
ings with earlier estimates. The second excluded any 
persons (index cases or contacts) still unvaccinated 
as of September 13, 2021, when all the adult popula-
tion would have been eligible and had the opportu-
nity to be vaccinated, to exclude potential biases in 
case ascertainment for this group. We also obtained 
estimates from an unstratified cohort model, and in-
cluded these strata variables as adjustment variables 
in the model.
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In addition, we extended the base model to con-
sider effect modification by dose interval, time since 
vaccination, and age. First, we divided the interval 
between first and second doses in the index case into 
3 categories: <6 weeks, 6–10 weeks, and >10 weeks. 
We defined time since vaccination by 30-day catego-
ries (<30 days, 30–59, 60–89, 90–119, 120–149, and 
>150 days from second dose of index case vaccina-
tion to index case date) and compared vaccine trans-
mission effects by both calendar time and time since 
vaccination. Finally, we considered the effect of age 
by estimating a separate vaccination transmission ef-
fect for each age group. We assessed extensions to the 
model via likelihood ratio tests.

Results
The initial dataset comprised 1,779,448 index cases 
from 1,535,288 unique households, and 4,110,051 
contacts. For those households in which transmission 
patterns were likely different from household trans-
mission in the community, and to maintain compa-
rability to the earlier analysis, we applied exclusions 
in 2 steps, first at the household level, and then at the 
individual level. For the first step we applied over-
lapping criteria, excluding households with index 
cases in children (n = 1,265,196 persons), with resi-
dents tested in pillar 1 (n = 99,627), with co-primary 
index cases (n = 785,669), and with residents who 
were vaccinated ahead of the national rollout (before 
January 2021; n = 194,160), leaving 1,035,271 index 
cases or households and 2,818,017 contacts. For the 
second step, we excluded persons with indeterminate 
vaccine status, after which there were 606,720 index 
cases and 1,440,269 contacts in the analysis dataset. 
Characteristics of contacts excluded through specific 
criteria compared with those excluded for indetermi-
nate vaccination status of household members were 
similar in age, IMD, and geography (Appendix Table 
1, https://wwwnc.cdc.gov/EID/article/29/1/22-
0996-App1.pdf); the main difference appeared to be 
an increased proportion of secondary cases in house-
holds with multiple index cases.

The median age of index cases was 35 (IQR 25–50) 
years, and of contacts, 32 (IQR 13–52) years. We re-
stricted index cases to those >16 years of age and eligi-
ble for vaccination, whereas we included all contacts. 
The proportion of female participants was 50.5% in in-
dex cases and 49.4% in contacts. We included 122,423 
(8.5%) secondary cases among contacts (Appendix 
Table 2). During February–May 2021, proportions of 
secondary cases were highest in household contacts 
of unvaccinated index cases. However, proportions 
increased in contacts of index cases vaccinated with 
ChAdOx1 and BNT162b2 vaccines over time. From 
June onwards, these were highest among contacts of 
index cases who had received ChAdOx1 vaccine. Pro-
portions of secondary cases among contacts of index 
cases receiving mRNA-1273 vaccine were consistent-
ly low, although data were sparse.

We estimated a strong protective effect for 
ChAdOx1 vaccine (HR 0.54, 95% CI 0.41–0.69) (Ta-
ble) and a very strong effect for BNT162b2 vaccine 
(HR 0.19, 95% CI 0.13–0.28) in the February–May 
period, which persisted under different inclusion 
criteria and models. However, we estimated that in 
June–September the ChAdOx1 vaccine had minimal 
effect except in model D (Table), which included 
only unvaccinated contacts, and the protective effect 
of BNT162b2 vaccine was attenuated (HR 0.74, 95% 
CI 0.72–0.76). Estimates for mRNA-1273 vaccine, for 
which there were data only in June–September, were 
strongly protective.

We estimated the effect of index case vaccination 
over time and according to time since index case vac-
cination (Figure). For BNT162b2 vaccine, we noted 
strong protective effects up to 2 months after the index 
case was vaccinated, but hazard ratios were attenu-
ated toward the null from 2–3 and 3–4 months after 
vaccination, particularly in August and September. 
The pattern of decreasing effect with time since index 
case vaccination was less clear for ChAdOx1 vaccine; 
we estimated little protective effect even soon after 
vaccination from June onwards. Estimates crossed the 
null to indicate an apparent increased risk of being a  
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Table. Adjusted hazard ratios for household contacts of persons with COVID becoming a secondary case by inclusion criteria for 
different models 

Period Vaccine 

Analysis model HR (95% CI) 
A, never 

vaccinated  
B, not vaccinated 
before index case 

C, vaccinated after 
index case 

D, unvaccinated 
contacts only E, cohort 

Feb-May ChAdOx1 0.54 (0.41–0.69) 0.50 (0.38–0.64) 0.50 (0.38–0.65) 0.48 (0.37–0.64) 0.53 (0.43–0.66) 
 BNT162b2 0.19 (0.13–0.28) 0.18 (0.12–0.26) 0.18 (0.12–0.26) 0.14 (0.09–0.23) 0.19 (0.13–0.26) 
Jun-Sep ChAdOx1 1.06 (1.04–1.08) 1.06 (1.04–1.08) 0.94 (0.88–1.00) 0.84 (0.76–0.92) 1.08 (1.06–1.10) 
 BNT162b2 0.74 (0.72–0.76) 0.74 (0.73–0.76) 0.66 (0.62–0.71) 0.56 (0.51–0.62) 0.76 (0.74–0.78) 
 mRNA-1273 0.36 (0.29–0.45) 0.36 (0.29–0.45) 0.31 (0.25–0.39) 0.30 (0.22–0.40) 0.38 0.30–0.47) 
*For models A–D, we used a stratified Cox model with adjustment, and different inclusion criteria for contacts and of the baseline group of contacts of 
unvaccinated index cases. Model E has the same inclusion criteria as model A, but uses a cohort model with all covariates entered as adjustment 
variables, rather than stratification. HR, hazard ratio. 
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secondary case in August–September for contacts of 
index cases who had received ChAdOx1 vaccine, com-
pared with contacts of unvaccinated index cases. 

Discussion
This analysis provides evidence that persons who have 
received >2 doses of vaccine >14 days before testing 
positive for SARS-CoV-2 infection had a reduced like-
lihood for onward transmission to household contacts 
in February–May 2021, the period in which Alpha vari-
ant was dominant. Of note, this reduction was small-
er for BNT162b2 vaccine and all but disappeared for 
ChAdOx1 vaccine during the subsequent June–Sep-
tember 2021 period, when the Delta variant dominated 
England. ChAdOx1 vaccine showed reduction in on-
ward transmission only in household contacts who 
were completely unvaccinated. This is consistent with 
observations of reduced vaccine effectiveness against 
symptomatic disease for confirmed cases of Delta in-
fection compared with Alpha (2,10–12).

mRNA-1273 vaccine played a smaller role in the 
initial vaccination rollout of primary courses, so we 
could only analyze the effects of the vaccine dur-
ing the latter half of the study period. However, we 
noted a large and sustained reduction in household 
transmission in addition to the direct protection of 
the vaccines in preventing index cases initially and 
therefore potential for transmission. We also dem-
onstrated a differential reduction in the likelihood 
of household transmission that is based on the type 
of vaccine. During the period of Delta dominance, 
mRNA-1273 vaccine had the greatest association with 
reduced likelihood of household transmission, fol-
lowed by BNT162b2 vaccine and then ChAdOx1 vac-
cine. This finding was consistent with observations 
of higher vaccine effectiveness with mRNA-1273 and 
BNT162b2 vaccines compared with ChAdOx1 vaccine 
for the prevention of symptomatic infection in con-
firmed Delta variant infections (2). This triangulation 
with observations from other analyses of protection 
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Figure. Adjusted hazard ratios for household contacts of COVID patients becoming secondary cases by calendar time and time since 
vaccination of the index case. A) Data for contacts of index cases who had ChAdOx1 vaccine (AstraZeneca, https://www.astrazeneca.
com). B) Data for contacts of index cases who had BNT162b2 vaccine (Pfizer-BioNTech, https://www.pfizer.com). HR, hazard ratio.
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from disease (2) provides further evidence of a differ-
ential effect by vaccine for Delta variant cases.

Our work supplements the growing body of 
evidence related to waning of vaccine-driven protec-
tion. Previous analyses have shown reduced protec-
tion of persons from symptomatic infection (10,11). 
Our findings support another dimension to the wan-
ing effectiveness of vaccines: an attenuation in the 
reduction of onward transmission from index cases 
vaccinated with Ch4dOx1 and BNT162b2 vaccines 
to their household contacts (13). We observed this 
effect for vaccinated index cases who tested positive 
for COVID-19 >2 months after receiving their second 
dose. Hazard ratios for becoming a secondary case 
increased among household contacts of those case-
patients, compared with the contacts of index cases 
who had a shorter interval between their vaccination 
and confirmed infection. The protective effect against 
onward transmission conferred by ChAdOx1 vaccine 
was initially smaller than that for BNT162b2 vac-
cine and diminished to no effect as time since second 
dose increased. The protective effect conferred by 
BNT162b2 vaccine, despite also reducing over time, 
did not fully disappear. Waning among index cases 
receiving mRNA-1273 vaccine could not be analyzed 
in this way because this vaccine was rolled out later 
in England.

This waning effect was more consistently ob-
served from July 2021 onward, before which the ef-
fect was present but less apparent. Early July 2021 
demarcates the transition between periods of Alpha 
and Delta variant dominance in England, suggesting 
a potential intrinsic difference between the variants 
and related protection from the vaccine (13).

Because vaccination programs have evolved 
internationally to provide boosters to vulnerable 
groups, we may observe a temporary reversal of the 
waning protection against onward transmission from 
cases to others. However, this effect requires further 
evaluation; factors such as time interval between dos-
es, prevalent variants, and vaccine types could all in-
fluence any potentially observed effects. Such evalu-
ation would be informative for future assessments of 
the overall effects of booster programs and therefore 
influence decision making.

The HOSTED analysis benefits from its very large 
number of cases and their contacts obtained from 
data for all reported test-confirmed cases in England; 
the dataset provides substantial sample sizes that en-
able large-scale monitoring of secondary infections 
without specialized data collection. In addition, we 
conducted several sensitivity analyses, which pro-
duced consistent and convergent results. However, 

the tradeoff is that passive surveillance systems 
are reliant on testing behaviors instead of targeted 
case-finding. In passive surveillance, chains of on-
ward household transmission may be missed where 
contacts did not test, and the secondary attack rate 
would be underestimated as a result. These missed 
chains of transmission would be disproportionate-
ly present in households where access to testing is 
lower because of circumstance or choice. This result 
might explain our observation that contacts of index 
cases vaccinated with ChAdOx1 with a vaccination-
infection interval of >3 months since their second 
dose had an apparent increase in risk compared with 
contacts of unvaccinated index cases in August–Sep-
tember 2021. Although vaccination might not reduce 
onward transmission, increased infectivity caused by 
vaccination does not appear biologically plausible. 
This increased risk for infection in the contacts of vac-
cinated index cases likely indicates differential case 
ascertainment or risk behaviors between vaccinated 
and unvaccinated groups, demonstrating a limitation 
of passive surveillance data.

Without specialized data collection, we were lim-
ited by the lack of information on symptoms and case 
severity, both of which may affect the likelihood of on-
ward transmission (14). As such, our analyses treated 
all test-confirmed infections uniformly; the granularity 
that symptom and severity data provide could have 
highlighted subpopulations for which the vaccine-in-
duced reduction of household transmission was more 
or less noticeable than for the overall population.

The logic underpinning how cases in a household 
are classified as index or secondary cases is rooted in 
the intervals between specimen dates, an approach 
already established in published analyses. However, 
the use of symptom onset dates may be more opti-
mal, with symptom onset dates potentially being less 
affected by behavior and health service access than 
specimen collection dates.

In conclusion, receipt of 2 doses of mRNA vac-
cines among index cases reduced transmission to 
unvaccinated household contacts during a period in 
which the Delta variant dominated, compared with 
the Alpha-dominant periods, during which a single 
dose of mRNA or ChAdOx1 vaccine provided equiv-
alent reductions in transmission. We also observed 
waning of this protective effect over time since the 
last dose of vaccine administered. These findings 
highlight the potential variation in protection from 
vaccines in relation to transmission effects that are 
caused by emerging variants and waning protection, 
and the importance of monitoring the effects of these 
factors for future SARS-CoV-2 vaccine strategies.
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