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It is remarkable that, in less than 1 year
since the coronavirus disease 2019
(COVID-19) pandemic began, multiple
vaccines using a variety of platforms have
demonstrated high efficacy for protec-
tion against symptomatic COVID-19 in
randomized controlled trials. This pro-
tection appears to be especially potent
against severe COVID-19, with sizable
reductions in severe outcomes now being
confirmed in real-world settings at a
much larger scale [1, 2]. The direct pro-
tection against disease measured by the
clinical trials is important, but whether
and to what extent the vaccines provide
indirect protection by reducing trans-
mission is also of great consequence in
controlling and eventually ending the
pandemic [3]. Therefore, understanding
the effects of vaccines on transmission
is key to deploying evidence-based pop-
ulation vaccination plans, recommenda-
tions for the public, and policies for use
of nonpharmaceutical interventions with
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varying degrees of effectiveness in this
next stage of the pandemic [4].

There are 2 ways a vaccine can re-
duce transmission risk. First, a vaccine
may decrease the probability of a recip-
ient becoming infected in the first place
by protecting against both symptomatic
(as measured by the primary endpoints
of the clinical trials) and asymptomatic
infection (which can only be identified
using systematic polymerase chain reac-
tion [PCR] or serology testing). Second,
a vaccine may decrease the probability
of secondary transmission from an in-
fected vaccine recipient by reducing the
duration or degree of infectiousness.
Accumulating evidence suggests that
severe acute respiratory syndrome co-
2 (SARS-CoV-2) vaccines
can substantially reduce transmission

ronavirus

through both of these mechanisms.

EVIDENCE OF PROTECTION

BY VACCINES AGAINST
INFECTION: SYMPTOMATIC AND
ASYMPTOMATIC

Three randomized controlled trials to
date provide evidence supporting pro-
tection against all infection (including
asymptomatic infection) (Table 1). In
the Moderna messenger ribonucleic acid
(mRNA)-1273 vaccine trial, all asymp-
tomatic participants underwent PCR
testing at the time of the second dose,
and the study showed a 61% (95% confi-
dence interval [CI], 31%-79%) reduction
in asymptomatic infection relative to an
85% (95% CI, 66%-93%) reduction in

symptomatic infection before the second
dose [5]. This is likely to underestimate
efficacy against new infection because
PCR may remain positive for weeks after
infection (and thus testing may include
residual positive testing before the effect
of the first dose), and the efficacy was as-
sessed before full protection after both
doses [6]. The AstraZeneca ChAdOx1
nCoV-19 vaccine was evaluated in a
series of pooled trials, one of which in-
cluded weekly screening by PCR, and
showed a 55.7% (95% CI, 41.4%-66.7%)
reduction in all infections, relative to a
vaccine efficacy against symptomatic dis-
ease of 70.4% (95% CI, 54.8%-80.6%)
[7]. By using cross-sectional testing, the
estimates from these 2 studies are actually
composite measures of reduced risk of
infection and duration of PCR positivity
(ie, duration of infection) [8]. Finally,
the randomized controlled trial of the
Janssen AD26.COV2.S vaccine included
a subset of participants with available
serology data at day 71, and it showed a
65.5% (95% CI, 39.9%-81.1%) reduction
in all infections after day 29, compared to
a 66.5% (95% CI, 55.5%-75.1%) reduc-
tion against symptomatic COVID-19 [9].
A limitation of serology-based studies is
that there may be a reduced sensitivity
for identifying asymptomatic infections
[10, 11].

Protection against infection has also
been shown in observational studies of
healthcare workers, community mem-
bers, patients, and elderly residents of
long-term care facilities. These studies
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Table 1. Effect of Vaccination on Total SARS-CoV-2 Infection Risk
Vaccine Sample Size Setting Vaccine Efficacy/Effectiveness
Randomized Controlled Trials
mRNA-1273 [5] 30420 United States 61% (95% Cl 31-79%) reduction in asymptomatic in-

ChAdOx1 nCoV-19(7]

AD26.COV2.S [9]

Observational Studies with Control of Confounding

BNT162b2[12] 23324
mRNA-1273 and BNT162b2 [13] 3975
ChAdOx1 nCoV-19 or BNT162b2 [3] 373 402
mMRNA-1273 or BNT162b2 [15] 39 166
ChAdOx1 nCoV-19 or BNT162b2 [16] 10 412

3744 (subgroup)

2650 (subgroup)

fection prior to second dose (15 cases vs. 39 cases)
relative to 85% reduction (95% Cl 66-93%) in symp-
tomatic infection

England and Wales

55.7% (95% Cl 41.4-66.7 %) reduction in all infections

(68 vs. 153 cases) relative to 70.4% reduction (95% Cl
54.8-80.6%) in symptomatic infection

Argentina, Brazil, Chile, Co-
lombia, Mexico, Peru, South
Africa, and the United States

Healthcare workers in UK

65.5% (95% CI 39.9-81.1%) reduction in asymptomatic
infections (18 vs. 50 cases) relative to 66.5% reduction
(95% CI 55.5-75.1%) in symptomatic infection

85% reduction (95% Cl 74-96%) in all SARS-CoV-2 infec-

tions 7 days after 2nd dose

Healthcare workers, first re-
sponders, and frontline
workers in the United States

Community members in UK

91% reduction (95% ClI 76-97%) in all SARS-CoV-2 infec-
tions after full vaccination

70% reduction (95% CI 62-77%) in all SARS-CoV-2 infec-

tions after the second dose

Pre-procedural screening in the
United States

Elderly residents of Long-term
care facilities in UK

80% reduction (95% CI 56-91%) in all positive tests

62% reduction (95% Cl 23-81%) in all SARS-CoV-2 infec-
tions 35 days after the first dose

include regular or systematic PCR testing,
compare SARS-CoV-2 infection risk be-
tween otherwise similar vaccinated and
unvaccinated individuals, and adjust for
confounding variables associated with
both the probability of receiving a vac-
cine and exposure to SARS-CoV-2. One
such study included over 23 000 health-
care workers in the United Kingdom who
underwent SARS-CoV-2 PCR testing at
least every 2 weeks (twice per week for
frontline healthcare workers) during roll
out of the Pfizer-BioNTech BNT162b2
vaccine [12]. After controlling for poten-
tial confounders (demographic character-
istics, comorbidities, job role, frequency
of contact with patients with COVID-19,
employment in a patient facing role, and
occupational  exposure), investigators
found that receipt of the vaccine was as-
sociated with a 70% reduction (95% CI,
55%-85%) in all SARS-CoV-2 infections
21 days after the first dose and an 85%
(95% CI, 74%-96%) reduction 7 days
after the second dose. A similar cohort
study of 3975 health care workers, first
responders, and other frontline workers
in the United States who were tested
weekly found a 91% reduction (95% CI,
76%-97%) in infection risk after full

vaccination by an mRNA vaccine and an
81% reduction (95% CI, 64%-90%) after
partial vaccination after adjusting for pro-
pensity to be vaccinated, location, occu-
pation, and local viral circulation [13].
A cohort study of 373 402 community
members in the United Kingdom who
were regularly tested using SARS-CoV-2
PCR every 1-4 weeks found progressively
stronger protection from infection with
greater time after either the AstraZeneca
ChAdOx1 nCoV-19 or Pfizer-BioNTech
BNT162b2 vaccines, peaking with a 70%
reduction (95% CI, 62%-77%) after the
second dose after adjusting for demo-
graphics, neighborhood deprivation,
work setting, comorbidity, and household
characteristics, among other confounders
[14]. Another study evaluated 39 156 con-
secutive asymptomatic individuals who
had preprocedural SARS-CoV-2 PCR
screening at a large US healthcare system
[15]. After adjusting for demographic
characteristics and repeated testing, vac-
cinated patients had an 80% reduction
(95% CI, 56%-91%) in risk of infection
after the second dose of either the Pfizer-
BioNTech BNT162b2 or the Moderna
mRNA-1273 vaccines, with similar pro-
tection seen starting 10 days after the first

dose. Vaccine effectiveness against all in-
fections regardless of symptoms has also
been shown in long-term care facilities, a
particularly high-risk setting that was not
considered in clinical trials. A study of
10 412 residents in the United Kingdom
with a median age of 86 who had regular
PCR screening at least monthly showed
a 62% reduction in infection risk (95%
CI, 23%-81%) 35 days after the first dose
of the Pfizer-BioNTech BNT162b2 or
AstraZeneca ChAdOx1 nCoV-19 vaccines
after adjusting for sex, age, prior infection,
bed capacity, and local SARS-CoV-2 inci-
dence [16]. Although all of these studies
attempted to adjust for confounding vari-
ables, their findings may still be biased if
there are large unmeasured differences
in vaccinated and unvaccinated popula-
tions. Other vaccine effectiveness studies
that included regular PCR screening but
did not adjust for potential confounding
variables have similarly found strong pro-
tection against all infections regardless of
symptoms [17-20].

Experimental and observational evi-
dence thus suggests that vaccines across
multiple platforms are associated with
large reductions in all SARS-CoV-2 in-
fections regardless of symptoms, with
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protection that is almost as high as that
provided against symptomatic COVID-
19. There may be some populations—
such as certain immunocompromised
individuals—where this is not the case,
although limited data suggest protection
against at least symptomatic infection is
broadly preserved [21]. Another caveat
is that, with the exception of the Janssen
AD26.COV2.S vaccine, these data were
not obtained in the context of the variants
currently most concerning for immune
escape—Beta, Delta, and Gamma. These
variants, and several mutations contained
within them, are associated with varying
degrees of reduction in neutralizing ac-
tivity by serum from vaccinated indi-
viduals [22-24], although this does not
necessarily correlate with loss in clinical
protection. It is not yet known to what
degree these variants are associated with
a clinically meaningful change in vaccine
effectiveness against overall infection.

EVIDENCE OF REDUCED
TRANSMISSION POTENTIAL
FOR PEOPLE INFECTED AFTER
VACCINATION

The decrease in overall SARS-CoV-2
infection risk after vaccination is the
lower bound on a vaccine’s effect on
transmission. There will be additional
reductions in transmission risk if in-
fected vaccine recipients have lower
transmission potential relative to in-
fected people who have not been vac-
cinated. It is already known that people
with asymptomatic infection have a
shorter duration of viral load shedding
and lower secondary attack rates, with
a meta-analysis finding a secondary

attack rate of 1% (95% CI, 0%-2%) for
asymptomatic index cases relative to 7%
(95% CI, 3%-11%) for presymptomatic
cases and 6% (95% CI, 5%-8%) for
symptomatic index cases [25-27]. As a
result, even in the absence of a decrease
in overall infections with vaccination,
the reduction in symptomatic infections
demonstrated in the clinical trials is ex-
pected to result in sizable attenuation in
transmission risk.

The most direct way to assess trans-
mission potential of vaccine recipients
who become infected is through epide-
miological studies directly measuring
secondary attack rates among contacts
of infected vaccine recipients (Table 2).
In a transmission study of over 550 000
households in England, contacts of index
cases who had received the first dose of
either the Pfizer-BioNTech BNT162b2
or AstraZeneca ChAdOx1 nCoV-19 vac-
cine 21 days or more before testing posi-
tive were approximately 50% less likely to
become infected after adjusting for con-
founding [28]. This 50% reduction may
be an underestimate for 2 reasons. First,
contact-tracing studies like this are most
likely to identify index cases with greater
symptoms, there is evidence that the vac-
cines reduce severity of symptoms among
those who become infected, and those
with fewer symptoms have lower sec-
ondary attack rates (as discussed below).
Second, some contacts may have been in-
fected outside the household.

Although it is not a direct measure of
secondary attack rates, a nationwide co-
hort study in Scotland found that house-
hold members of healthcare workers who
were at least 14 days after their second

dose of either the Pfizer-BioNTech
BNT162b2 or the AstraZeneca ChAdOx1
nCoV-19 vaccine had a 54% reduction in
infection risk (95% CI, 50%-70%) rela-
tive to household members of unvacci-
nated healthcare workers after adjusting
for demographic characteristics, soci-
oeconomic deprivation, comorbidity,
healthcare worker role, occupation, and
parttime status [29]. In this case, this re-
sult can be thought of as the lower bound
in the reduction in transmission risk
from the vaccinated household member
because exposures may also have oc-
curred from other individuals inside or
outside the household.

There are also several proven deter-
minants of SARS-CoV-2 infectiousness
that vaccines appear to impact—the
magnitude of the peak and rapidity of the
decline of the respiratory tract viral load
and the severity or number of symptoms
(Table 3) [25, 30-34]. Altering these de-
terminants is likely to have an important
effect in an infection that has a relatively
short and intense period of infectious-
ness with transmission dynamics char-
acterized by overdispersion [35, 36].
The clinical trial testing the AstraZeneca
ChAdOx1 nCoV-19 vaccine in the United
Kingdom included weekly SARS-CoV-2
PCR testing, and, among vaccinated
participants who became infected, the
median minimal cycle threshold value
(inversely associated with peak viral
load) was 28.8 (interquartile range [IQR],
20.5-33.5), compared with 20.2 (IQR,
15.5-29.6) (P <.0001) for infected par-
ticipants who had received placebo [27].
They also found that vaccinated partici-
pants with infection had 1 week shorter

Table 2. Estimates of Reduced Risk of Transmission in Setting of SARS-CoV-2 Infection After Vaccination

Vaccine

Study Type/Size

Index Case Details

Effect Size

ChAdOx1 nCoV-19 or BNT162b2 [27]

ChAdOx1 nCoV-19 or BNT162b2 (28]
887

Transmission study / 552 584
households

Nationwide cohort study / 338

Received 1 dose of vaccine
at least 21 days before
testing positive

Healthcare workers who
were at least 14 days
after their second dose of
vaccine

Contacts of infected vaccinated household
members had 47% reduction (95% CI 0.37-
0.47) in infection risk for ChAdOx1 nCoV-19
and 49% reduction (95% CI 0.41-0.56) for
BNT162b2

Contacts had a 54% (95% Cl 50-70%) reduc-
tion in infection risk relative to household
contacts of unvaccinated HCWs
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Table 3. Effect of Vaccination on Peak Respiratory Tract Viral Load In Breakthrough Cases

Study Type / Size

Setting

Effect Size

RCT /8534 (520 infections) [27] UK

Observational / 3975 (204 infections) [13]

Observational / 10 infections [37]

Observational / 373 402 (12525 infections) UK
[14]

Observational / 1888 post vaccination
infections [38]

Observational / 16 297 positive tests [39]

Israel

Israel

The United States

US nursing home

Infected participants who were vaccinated had median minimum cycle threshold
of 28.8 (IQR 20.5-33.5) vs. 20.2 (IQR 15.5-29.6) in the unvaccinated group
(p < 0.0001); duration of PCR positivity 1 week shorter

Infected participants who were partially or fully vaccinated had a 40% reduction

(95% CI 16-57%) in viral load relative to unvaccinated participants, and viral
RNA could be detected for 6.2 fewer days (95% Cl 4.0-8.4)

cinated

2.4 mean log,, lower viral load at diagnosis after first dose compared with unvac-

88% reduction in infection with Ct < 30 (95% Cl 80-93%, p < 0.001) relative to

Ct >30 after 2 vaccine doses

2.8-4.5 fold reduction in viral loads for post vaccination infections 12-37 days
after first dose compared with matched unvaccinated controls

Viral loads were 1.6 to 20 fold lower among individuals >60 (75% vaccinated)
compared with those age 40-60 (<25% vaccinated)

median duration of PCR positivity. In a
study of 3975 healthcare workers, first re-
sponders, and frontline workers who re-
ceived weekly SARS-CoV-2 PCR testing,
participants who were partially or fully
vaccinated with an mRNA vaccine and
became infected had a 40% reduction
(95% CI, 16%-57%) in viral load rela-
tive to unvaccinated participants, and
viral RNA could be detected for 6.2 fewer
days (95% CI, 4.0%-8.4%) [13]. Similarly,
an observational study of residents of
a US Veteran’s Administration nursing
home that conducted twice-weekly PCR
screening found a 2.4 mean log, lower
viral load at diagnosis among infected
residents who had received the first
dose of the Pfizer-BioNTech BNT162b2
vaccine relative to unvaccinated resi-
dents with infection [37]. The previously
mentioned cohort study of community
members in the United Kingdom who
regularly underwent SARS-CoV-2 PCR
testing found a much greater protec-
tion after the second dose of either the
AstraZeneca ChAdOx1 nCoV-19 or
Pfizer-BioNTech BNT162b2 vaccines
against infections with cycle thresholds
values less than 30 (vaccine effectiveness
88%; 95% CI, 80%-93%) compared with
those with cycle threshold values of 30 or
greater (vaccine effectiveness 48%; 95%
CI, 30%-62%) [14].

Further
duced viral loads during infections after

evidence supporting re-

vaccination comes from Israel, which
has had the most rapid vaccination

implementation per capita in the world.
One observational study compared viral
loads between people infected with
SARS-CoV-2 who had received the
Pfizer-BioNTech BNT162b2 vaccine and
demographically matched with unvacci-
nated people, finding a 2.8- to 4.5-fold
reduction in viral loads 12-37 days after
the first dose [38]. A complementary
study took advantage of a national vac-
cination program that used age-based
eligibility and compared viral loads
over time in newly infected individuals
60 years or older (75% of whom were at
least 14 days after the first dose of the
Pfizer-BioNTech BNT162b2 vaccine at
the time of the study) to viral loads in
individuals 40 to 60 years old (25% of
whom had similar vaccine exposure)
[39]. Viral loads at diagnosis, initially
similar between the 2 groups, began to
separate with vaccine implementation,
and the researchers estimated a 1.6- to
20-fold reduction in viral load with vac-
cination during this early period after the
first dose.

In addition to viral load, the severity
or number of symptoms is also associated
with infectiousness [25, 33]. In addition
to multiple real-world vaccine effective-
ness studies definitively demonstrating
strong protection against severe disease
by the mRNA vaccines [1, 2], the interim
results for the Janssen AD26.COV2.S
vaccine presented to the US Food and
Drug Administration showed a 24% re-
duction in symptom severity score on day

1 for infected vaccine recipients relative
to those who received placebo, a 47% re-
duction on day 7, and a 55% reduction
on day 14 [40]. Infected participants who
had received the Janssen AD26.COV2.S
vaccine and developed symptoms ex-
perienced significantly fewer symptoms
compared with those with symptomatic
COVID-19 who had received placebo.
The previously described cohort study
of healthcare workers, first responders,
and frontline workers found that partici-
pants who were partially or fully vaccin-
ated with an mRNA vaccine and became
infected had a 58% lower risk (95% CI,
2%-82%) of having febrile symptoms and
had a shorter duration of illness relative
to unvaccinated participants, with 2.3
fewer days (95% CI, 0.8%-3.7%) spent
sick in bed [13]. Taken together, the avail-
able evidence strongly suggests that vac-
cines decrease the transmission potential
of vaccine recipients who become in-
fected with SARS-CoV-2 by at least half.

EVIDENCE FROM RANDOMIZED
CONTROLLED TRIALS OF
MONOCLONAL ANTIBODIES

In addition to data from SARS-CoV-2
vaccines, we can also understand vaccines’
likely effects on transmission through re-
cent evidence from 2 randomized con-
trolled trials of neutralizing monoclonal
antibodies used for postexposure prophy-
laxis [41, 42]. Neutralizing antibodies are
one important component of the adaptive
immune response induced by vaccines,
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and protection provided by therapeutic
neutralizing antibodies are also likely to
be present with vaccines that elicit a ro-
bust polyclonal antibody response. In
one study of 300 nursing home residents,
administration of the neutralizing mon-
oclonal antibody bamlanivimab resulted
in an 77% reduction (95% CI, 52%-89%)
in SARS-CoV-2 infection risk relative
to placebo during 4 weeks of follow up
that included weekly PCR testing [41].
Infected participants who had received
bamlanivimab had significantly lower
viral loads at diagnosis and more rapid
declines in viral load over time. Although
this is an important proof of concept, we
note that bamlanivimab does not retain
neutralizing activity against E484K, one
of the key substitutions in variants of
concern Beta and Gamma [43].

Similarly, an interim analysis of a study
of 409 participants exposed to a house-
hold member with COVID-19 had only
a small number of events but found a
nonstatistically significant 48% reduction
(95% CI, 12%-80%) in overall SARS-
CoV-2 infection after receiving the com-
bination of casirivimab with imdevimab
compared with placebo, with a 100-fold
reduction in peak viral load and a signif-
icantly shorter duration of positive PCR
testing among those who became in-
fected [42].

CONCLUSIONS

In sum, the data we have reviewed pro-
vide compelling evidence that SARS-
CoV-2 vaccination results in a substantial
reduction in transmission risk, although
the exact magnitude of overall transmis-
sion reduction is yet to be fully charac-
terized. As a result, the vaccines have
much greater potential to decrease popu-
lation morbidity and mortality than they
would in a situation where they only pre-
vented symptomatic disease [44]. These
vaccines will thus play a foundational
role in curbing and eventually ending
the pandemic, as evidenced by the re-
cent dramatic reduction in cases in the
United Kingdom and Israel, where vac-
cination campaigns have successfully

reached a high proportion of the popu-
lation. Because of this, efforts to achieve
rapid and complete global vaccination
coverage are even more essential and ur-
gent. Although vaccines remain a scarce
resource, the emphasis on vaccinating
those with highest risk for adverse out-
comes (eg, older individuals) should con-
tinue. However, the indirect protection
provided by vaccines also suggests strong
population benefit from vaccinating
people with lower risk for poor clinical
outcome who are in larger networks with
higher risk of infection—a population for
whom preventing transmission is a key
outcome [45]. Large reductions in infec-
tion risk and decreased viral replication
among infected vaccine recipients will
also mean less opportunity for the emer-
gence of new variants. Although the great
majority of the world remain unvacci-
nated, nonpharmaceutical interventions
will continue to be the fundamental com-
ponents of strategies to reduce transmis-
sion and its consequences.
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