RESEARCH

CORONAVIRUS

Vaccination with BNT162b2 reduces transmission of

SA

(8-CoV-2 1o household contacts in Israsl

Cilavia Prinas™, Joshua L Warren™>, Forvest W, Grawford®3%584, Sivan Gz, Tal Patalon”,

Dznial &, Weinberger2t, Virginia £ Pitzer™t

The effectiveness of vaccines against COVID-IS on the individual Jeval is well established. Howaver,
few studies have examined vaceine effectiveness against transmission. We used 2 chain binomial model
10 estimate the effectiveness of vaccination with BNT16252 [Plizer-BiolNTech messenger RNA (mRNA)-
based vaccine] against housshold transmission of severe acute reseiratory syndrome coronavirus 2
{SARS-CoV-Z} in Israel before and after emergence of the B.1.617.2 (Delta) variant, Vaccination reduced
susceptibility to infection by 83.4% [95% confidence interval {Cl): 88.7 fo 90.0%]. whereas vaccine

effectiveness against infectiousness given infection was 23.0% (95% G

;=113 to 46.7%) during days 10

o 90 afier the second dose, before 1 June 202k Total vaccine effectiveness was S1.8% (95% Ok 283
to 94.3%). However, vactine effectivensss is reduced over tirme as a result of the combinad effect of
weaning of inumunity and emergence of the Delta variant,

he COVID-19 pandemic has led to major
disruptions worldwide. The mpid develop-
ment and deployment of vaceines against
severe acule respiratory syndrome coro-
navives 2 (SARS-CoV-2) has provided an
OD}JO‘TH'HT’,V to control the cuibreak in popu-
lations with access w0 vaccination. Multipls vac-
cines against SARS-CoV-2 have been developed
ihat effectively prevent clinical disease and
reduce disease severity in those who do become
infected (2-3); this direct protection against dis-
ease is eritical. However, additionz] population-
fevel benefits can be derived if vaccines also
reduce transmission of the virus, thereby pro-
viding protection to those who are still val-
nerable to infection (7. 4).

To date, there is lttle direct real-world evi-
dence about the effects of vaceination on
SARS-CoV-2 {ransmission. A few studies have
investigated the reduction in transmission in
households and among healtheare workers
(3, 3, &). Other studies have found indirect
evidence for a likelv effect of the vaceine on
fransmission by demonstrating reduced viral
load in the upper respivatory tract of infected
individuzls (7-17}. These studies have mostly
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facused on the pericd when the B.LL7 (Alpha)
variant was the domipant strain and have not
examined effects on frausnission afler emer-
genee of the B1.617.2 (Delta) variant (Z2).

Households are an ideal setting for evalu-
ating transroission of the virus and the effects
of vaceination as a result of the high secondary
attack rate (SAR) among houschold members
(3, 15). Detailed data on housshold structure
and gming of infections can be uvsed to quan-
tify the risk of transmission. We aimed to
assess the effectiveness of vaccination with
the Plizer-BioNTech mRNA-based vaceine
(BNT162h2) against susceptibility to infection
and against infectionsness given infection with
SARS-CoV-. comparing the pre- and post-Delta
periods. We accomplished this by means of a
chain binomial model—a common approach
for reconstruction of transmission in house-
hold settings (J4)-applied to data from the
second largest healtheare organization in Israel,
The rapid and early rellout of mass vagcina-
tion in Israel provides a notable opportunity
to evaluate the effectiveness of vaccination
againsgt iransimission.

We nsed data from the centralized database
of Maccabi Heaaltheare Services (MILS), which
captures all nformation on the demographics
and healtheare-related interactions of meny-
bers. MHS is a nationwide, state-mandated,
not-for-profit healthcare delivery organizalion
in Israel with 2.5 miliion members, represent-
ing a quarter of the Tstaeli populaiion. The full
dataset covered the period fromn 1 June 2020
to 28 July 2021 and mcluded information on
2,473 502 individuals from L327.647 households,
Among these, 1,471,386 individuals had received
tevo doses of BNTIE2H2 as of 28 July 2021 (before
the widespread iniroduction of hooster doses).
Therewers 202,208 detected infections cansed
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by SARS-CoV-2 (8.29 of the total population),
with 6483 infections in fully vaccinated indi-
viduals atthe time of their polymerase chain
resetion (PCR) test date and 188.075 infec-
tions in unvaccinated individuals (unadivsted
rigk ratic = 0.0869%) (able 51 and fig. ST

The majority of households (60%) had 2 sin-
gle household member; this individual was
infected in 62,205 (7.8%; of 797,170 households.
Ioformation on the number of households and
proportion of infections occurring in house-
holds of varving size can be found in table 83,
The naive SAR, based on the vaccination sta-
tus of the “tudex case” (defined as the fost person.
6y test positive in 4 household), was lower when
the index case was vaccinated during the pre-
Delta period (table 53

We used a chain bmomial model for house-
hold trapsmission 1o estimate how the prob-
ability of infection per day depended on the
characteristics of susceptible individuals and
their household contacts (74, 15). An ndivid-
ual’s infection probability is modeled as the
risk of eseaping infection from the community
and any or all infections household members
on each day of exposure {see materials and
methods). We used multiple imputation fo
generate latent data for when a person with
a positive PCR test was infected and infectious.
This was accomplished by using random sani-
pies from three different Gamma distributions
representing the delay belween onset of infec-
Housness and the date of the PCR test, the date
of infection and onset of mfecticusmess (e.
the latent period). and the onset of infectious-
ness to the end of infectiousness (e, the in-
fectious period) (Fig. 1 and table S4c nmtemals

and methods), We performed sensitivity analy-
sa8 10 confirm the robustness of our resulis to
variability in the delay distributions; we also
performed a simulation study to validate our
approach (Nzs. 82 to S5 and ables 85 to 57:
materials and methods).

The pairwise daily probability of infection
from the community angd from each infected
household member was modeled as a function
of the tmevarving rmumber of SARS-CoV-2-
positive individuals in the population, the
characteristics of the susceptible individual
{including age and vaccination stafus), and
the vaccination stainus of thelr household con-
tacts. We considered four categories of vacei-
nation: (i) unvaccinated; (i) =10 days from
dose 1 to <10 days from dose 2; (i) =10 days o
<90 days from dose 25 and {@v) =80 days from
dose 2 1o account for partial vaccination, full
vaccination, and waning of vaccine-induced
inumunity, respectively. Vaceine effectiveness
against susceptibility to infection was estimated
from the coefficient of the susceptible individ-
ual’s vaceination status, whereas vaceine effec-
tiveness against infectiousness given infection
was estirnated from the coefficient of the vac-
cination status of each infectious honschold
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Fig, L Schematic representation of the multiple trmputation process for

an example household. Each infected household member is associated with
{& and B a distribution for time from onset of infactiouspess o testing: (B and
£} a distribution for the infectious period; and (€ and F) a distribution for the
iatent period to infer the time of infection. The fifled ovais raprasant observed

mernber. To determine the effect of the Delta
variant. we allowed the vaccine effects to iy
before and after 1 June 2021 (e, the pre- and
post-Delta period, respectively’, We estmarted
the effects by averaging over 100 draws from
the delay distribations used in the multiple im-
putation process: the variance of the estimates
aerass these 100 draws was estimated with the
Tavw of total variance (figs. 8610 58).

For the period before 1 June 2031 (hefore
emiergence of the Delia variant), receipt of
W doses of the vaccine was associaied with a
vaccine effectiveness against susceptibility fo
infection (VEg) of 80.4% [95% confidence in-
terval (CI: 88.7 10 80.0%] within 10 to 0 days
of receiving the second dose, and 58.39% (95%
€1 45.8 to 87.9%) more than 90 davs after re-
ceiving the second dose. The vaceine effective-
ness against infectiousness given infection (VE;)
was 23.0% (95% CL ~1L.3 to 46.7%) within 10
o 80 days and £.9% (95% CT11 —124.8 t0 61.49%)
more than 3¢ days after the second dose
(Table 1). The total vaceine effectiveness (VEp),
which combines the reduction in the rigk of
nfection and the risk of infectiousness given
infection among vaccinated individnals, was
estimated o be 91.8% (95% CI: 88.1 10 G4.3%)
within 10 o 90 days, and 61.1% (95% C1: 5.2 to

Prunas of al., Science 375, 1511154 (2092)

84.1%) mwore than 90 days afer the second dose.
Evidence of waning protecton after vaceina-
ton was apparent for the =90-day time period
after the second dose for all vaccine effects
(Table 1),

After the emergence of the Delta variant, we
observed a marked reduction in the vaccine
effectiveness against susceptibility to infection
compared with the pre-Delta perind. During
this period, the VEg was 72.0% (95% CL 85.9 10
77.0%) within 10 to 90 days and 40.2% (05%
CI: 37.6 to 42.6%) more than 90 days after the
second dose. A similar finding was chserved
for total vaccine effectivenass: VEr = 65.6%
{95% CI: 4.9 1o §7.6%) within 10 to 90 days
and 24.2% (95% CL: 8.0 to 36.99%) more than
90 days after the second dose. There was a
high degree of uncertainty in the estimates
of vaccine effectiveness against infectious-
ness given infection during the Delta period
(Table 1). Allowing for differences in vaccine
effectiveness for the post-Delia period im-
proved the model fit, on the basis of a com-
parison with the Akaike information criteria
{figs. 89 angd S10).

‘We further analvzed the effect of vaccina-
ton on infectiousness given infeetion when
restricting our data to the susceptible wmvac-
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events. and the circles and stars represent unobserved events in the infection
timeline. Panels (A) to (C) and (D) to (F) rapresent two possible sample sets
from the defay distributions, sach with a different index case
necessartly the first person to test posilive in the housshold.
100 samples of the latent data for sach infected individual.

who is not
We generated

cinated population (ie., children <13 vears of

age}. We observed. a larger reduction in risk
for children exposed o a vaccinated versus
unvaceinated infectious household member,
with VE; = 41.0% (95% CI: —13.7 to 69.49%)
between 10 and 90 dayvs from receiving the
second dose dable $%). The corresponding vac-
¢ine effect during the Delta period was not
significantly different from zero.

The probability of transmission per day from
an infected household member to a susceptible
adult during the pre-Delia perlod was 0.051
(95% CI: 0.020 1o 0.021), leading to a SAR of
010 (95% CI: .08 to 0.10) {table 89: materials
and methods). The risk of trapsmission from
an infections household menmber was ~100 times
as high as that of the average risk of infection
From the community, During the pericd when
the Dejta variant was dominant, there was no
meaningful increass in household transmis-
sion probability, whereas there was an Increase
n the risk of infection from the comumunity
[relative risk (RR) = 1.13: 95% CI: 1.08 10 1.16]
{table 893 Children <12 years old had a lower
ik of infection from both the community and
an infectious household member, whereas
aduits 40 1o 61 and 265 vears of age had a
lower risk of infection from the commmunity but
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Table 1. Vaceine effectivenass

{1 Jung, 2@21\
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4 higher risk of infection within the house-
hold compared with individuals aged 12 to
39 yeazs {table 89). In a sonsj tivity analysis, we
fourrd that children were slightly less infee-
tous than adults {see SM).

To date, there is Hinited evidence with which
10 compare onr estirnates of vaced ne effective-
ness against infectionsness and tr: ANSMIssion,
A stady of more than 550,000 households in
England showed that vaccination with both
the ChAJOXT nCoV-19 and ENT157h9 vaceines
reduced the 0dds of tansmission from 1 vac-
cinated and infected household member by
40 to 50% compared with unvaceinated index
ciges (1, 3). A similar study in Denrmark esti-
mated the reduction in transmission o be
£2% during the Delta period (J6). In previ-
ous studies, the index case in sach household
was Gefined as the earliest case of laboratory-
conirmed COVID-19 by diagnosis date, and all
secondary infections in the househoid were
attributed to the index case (2). By contrast, by
inferring the date of infection we do not as-
sume that the Index case in the household was
necessarily the first individual 4o he diagnosed,
and we account for the risk of transmission
from other infected household members and
from the commuity. With our approach, we
show a lower and uncertain reduction in in-
fectiousness given infection, compared with
simpler methods (3, 18, 7). A comparable statis-
tical approach was used in another s tudy in
Isvael, where members of households with
confirmed cases were actively followed and
tested. A notably higher rednetion in i nfectiv-
Hy was ohserved, though with large uncertainty;
however, The study was lmited to healthcare
workers, who normally represent a FOunger
and healihier population therehy potentially
leadingtoa sironger vaceine effect (6). Other
studies investigating the reduction in infec

Promas ef al., Science 37 5, 1151-1154 {2022)

¥ days after dose 2

tion risk among household members of vac-
cinated versus unvaccinated healtheare workers
were conducted in Seotland and Fuland, pro-
viding indirect evidence of a Jower risk of infec-
Hon among household contacts of vaccinated
individuals (7, 5, 78).

Cur analyses suggast that before SINErgencs
of the Defta variant, breakthrough cagses among
vaceliated individuals had slightly reduced in-
lectiousness compared with unvacrinated cases,
However, both waning of vaceine-indvced im-
munity and the emergence of the Delta variant
were associated with a reduetion in the VEy.
These results are in agreement with revent
findings in a UX study, whers the SAR was
similar for vaceinated and unvaceinated index
cases infected with the Delta variant {(I2).
However, vaceination still reduces the risk of
transruission by providing protection agains:
susceptibility to fnfection, even if this effect is
reduced over time becanse of botl: waning iny
munity and the Delta variant, as highlighted
in real-world settings (12, 15, 20).

This sty has several important Bmitations:
First, we did not have inforination on the trae
infection times (and duration of infectious-
ness} of infected household members. To over-
come this limitation, we sampled from fires
delay distributions parameterized from the
literature 1o detenmine the potential infection
status of each individual throngh time, OQur
approach is suboptimal, however, because it
wag not computationally feasible to estimate
the parameters of the delay distributions con-
ditional on the observed data, e.g., by means of
an expectation-maximization or Markov chain
Monte Cazlo approach. As a resnlt, parameter
estimates do not reflect uneertainty in the
delay distribution parameters, This could lead
to artificially narrow confidence intervals for
seme parameters. In addition, the VI est-
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mates were dependent upon the specification
of the time from onset of infectiousness <o
testing {fig. 853 Second, individnals who were
infected but did not receive a SARS-Cov-2 test
wotd be misclassified in our dataset. This is
likely to have only a minor effect on our est-
mates, though the VE; could be underesti-
mated i the probability of detection per day
is low (see M, tables 86 and 8§7). We estimated
& negative VE; in partially vaceinated cases.
suggesting possible sources of hias in our
analvsis {e.g., partially vaccinated individuals
may e less Lkely 1o isolate at the first sigm of
symptoms). This effect is mitigated during the
post-Delta period (Table 1. Controiling for the
age of infectious individuals did not resolve
the potential bias (table $10). Finally, our re-
suits do not include the period when the
Omicron variant has become dominant, al-
though recent findings suggest that $ARs
among unvacehated household members are
comparable to the Delta variant (2.
Vaceination can prevent transmission by hoth
providing protection against infection finclud-
ing asymnptomatic infections) and reducing
the infectiousness of vaccinated individuals
who do become infected. Nelther of these are
typically divectly measured in vaccine trials.
By analyzing data on confirmed SARS-CoV-
2 infections among hovsehold members in
Israel, we provide measures of effectivenass
of BNT162b2 against susceptibility to infection
and against infectiousness given infection. Our
resylts show evidenes of a slight reduction in
the infectiousness of vaccinated individuals
who become infected in adéition o protec-
tion against suseeptibifity to infection, leading
to an overall reduction in the risk of transmis-
sion. However, the ability of vaceination to
prevent transmission is reduced over time be-
cause of waning of vaccine-induced {mmuiy
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and lower effectiveness against the Deita var-

. iant. It s highly uniikely that popularion-leve]
tramsmission of SARS-CoV-2 can be eliminated
through vaceination alone,
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Protection, whethe

Vaccination provides both direct

vaccinated commun

v divect or not

ces transmission of SARS-CoV.2 to household

protection of vaccinated individuals and indirect protection of individuals fiving in

ittes. Two studies basaed on data from lsrael investigated the efficacy and indirect protection of the
Plizer/BioNTech messenger RNA vaceine (see the Perspective by Dean and Halloran). Prunas ef s/, used statistical
approaches o analyze transmission in households from June 2020 to July 2021, Pecple who were vaccinated and

households with vaceinated members than in those with
to prevent transmission waned with time and with the advent of the Delta variant. Hayek ef a/. investigated whether
older and vaccinated household members reduced the ri

fer vaceination. Regardiess of househol

12 years old becomi

ng infected. This in

propagation of transmission chains. —CA
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than unvacsinated persons. Moreover, less fransmission ocourred within

unvaccinated individuals. However, the ability of the vaccine

sk of infection to younger children who are as yet ingligible

d size, parental vaccination substantially reduced the risk of children up to
direct effect will protect children from risk of severe disease ard reduce the
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