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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has spread rapidly throughout the world since the first cases of
coronavirus disease 2019 (COVID-19) were observed in Decem-
ber 2019 in Wuhan, China. It has been suspected that infected
persons who remain asymptomatic play a significant role in the
ongoing pandemic, but their relative number and effect have
been uncertain. The authors sought to review and synthesize the
available evidence on asymptomatic SARS-CoV-2 infection.
Asymptomatic persons seem to account for approximately 40%
to 45% of SARS-CoV-2 infections, and they can transmit the virus
to others for an extended period, perhaps longer than 14 days.
Asymptomatic infection may be associated with subclinical lung

abnormalities, as detected by computed tomography. Because
of the high risk for silent spread by asymptomatic persons, it is
imperative that testing programs include those without symp-
toms. To supplement conventional diagnostic testing, which is
constrained by capacity, cost, and its one-off nature, innovative
tactics for public health surveillance, such as crowdsourcing dig-
ital wearable data and monitoring sewage sludge, might be
helpful.
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In the early months of the coronavirus disease 2019
(COVID-19) pandemic, an iconic image has been the

“proned” patient in intensive care, gasping for breath,
in imminent need of artificial ventilation. This is the
deadly face of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), which as of 26 May 2020 had
claimed more than 348 000 lives worldwide (1). But it is
not the only face, because SARS-CoV-2 now seems to
have a dual nature: tragically lethal in some persons
and surprisingly benign in others.

Since February 2020 (2, 3), there have been reports
of persons who were infected with SARS-CoV-2 but did
not develop symptoms of COVID-19. In some cases (4,
5), the viral load of such asymptomatic persons has
been equal to that of symptomatic persons, suggesting
similar potential for viral transmission. The prevalence
of asymptomatic SARS-CoV-2 infection, however, has
remained uncertain. We sought to review and synthe-
size the available evidence on testing for SARS-CoV-2
infection, carried out by real-time reverse transcriptase
polymerase chain reaction using nasopharyngeal swabs
in all studies that specified the method of testing.

Most data from the 16 cohorts in this narrative re-
view are not the output of large, carefully designed
studies with randomly selected, representative sam-
ples. They do not generally purport to depict anything
more than certain circumscribed cohorts at specific mo-
ments in time. We have not attempted to pool them for
the purposes of statistical analysis. When viewed as a
collection, though—as a kind of mosaic or patchwork—
these data may offer potentially valuable insights into
SARS-CoV-2 incidence and the highly variable effect of
infection.

The difficulty of distinguishing asymptomatic per-
sons from those who are merely presymptomatic is a
stumbling block. To be clear, the asymptomatic individ-
ual is infected with SARS-CoV-2 but will never develop
symptoms of COVID-19. In contrast, the presymptom-
atic individual is similarly infected but eventually will
develop symptoms. The simple solution to this conun-
drum is longitudinal testing—that is, repeated observa-

tions of the individual over time. Unfortunately, only 5
of our cohorts include longitudinal data. We must
therefore acknowledge the possibility that some of the
proportions of asymptomatic persons are lower than
reported.

METHODS
From 19 April through 26 May 2020, using the key-

words COVID-19, SARS-CoV-2, symptoms, and asymp-
tomatic, we periodically searched the published medi-
cal literature using the PubMed service maintained by
the U.S. National Library of Medicine of the National
Institutes of Health. We also searched for unpublished
manuscripts using the bioRxiv and medRxiv services
operated by Cold Spring Harbor Laboratory. In addi-
tion, we searched for news reports using Google and
monitored relevant information shared on Twitter.

COHORTS
Iceland

In the largest cohort in our set (6), researchers in
Iceland used the following 2 methods to screen the
general population for SARS-CoV-2 infection: an open
invitation for interested parties to register online then
provide biosamples at a Reykjavik location, and a text
message sent to “randomly chosen Icelanders between
the ages 20 and 70 years” inviting them to participate
in the same manner as the first group (Table) (7–19). In
all, 13 080 persons volunteered for the screening,
100 (0.8%) of whom tested positive for SARS-CoV-2. All
who tested positive were aged 10 years or older. None
of the 848 children younger than 10 years in the sam-
ple tested positive. Among those with positive results,
43 (43%) had no symptoms of COVID-19 at the time of
testing. As the researchers note, though, “symptoms al-
most certainly developed later in some of them” (6).

Vo’, Italy
At the beginning and end of a 14-day lockdown

imposed by authorities in the northern Italian town of
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Vo’ (7), researchers collected nasopharyngeal swabs
from 2812 residents during the first sampling effort and
2343 during the second; this represented 85.9% and
71.5%, respectively, of the entire population. In the first
group, 30 (41.1%) of 73 persons who tested positive
for SARS-CoV-2 had no symptoms. In the second,
13 (44.8%) of 29 who tested positive were asymptom-
atic. According to the researchers, in the roughly
2-week period between the sampling efforts, none of
the asymptomatic persons developed any symptoms of
COVID-19. In addition, through contact tracing, they
confirmed that several new cases of SARS-CoV-2 infec-
tion that appeared during the second sampling had
been caused by exposure to asymptomatic persons. In
Vo’ during the 14-day period studied, young children
seemed to play no role in the transmission of SARS-
CoV-2: “No infections were detected in either survey in
234 tested children ranging from 0 to 10 years, despite
some of them living in the same household as infected
people” (7).

Diamond Princess
On 3 February 2020, the Diamond Princess cruise

ship returned to Yokohama, Japan, for quarantine (8),
having transferred an ill passenger to shore in Hong
Kong on 25 January who later tested positive for SARS-
CoV-2. As of 16 March, 712 (19.2%) of 3711 passengers
and crew had tested positive. At the time of testing,
331 (46.5%) of those with positive results were asymp-
tomatic. Although the latter infected persons reported
no symptoms, some actually had subclinical changes in
their lungs. When computed tomography scans for 76
of these persons were examined, 54% showed lung
opacities (20).

An independent statistical modeling analysis (21)
based on data available as of 21 February claimed to
estimate—with “a Bayesian framework using Hamilto-
nian Monte Carlo algorithm”—the proportion of asymp-
tomatic persons on the Diamond Princess; it arrived at a

figure of 17.9%. Considering, though, that data for
asymptomatic persons were available only for 15
through 20 February and that the actual proportions of
asymptomatic persons among those tested on these
dates were 56.7%, 54.3%, 70.7%, 73.9%, 86.1%, and
46.2%, this estimate seems puzzling. In a separate news
account (22), one of the coauthors of this analysis was
reported to have estimated that “40% of the general
population might be able to be infected [with SARS-
CoV-2] without showing any signs.”

Boston Homeless Shelter
After a cluster of 15 COVID-19 cases was identified

over 5 days at a large homeless shelter in Boston, Mas-
sachusetts, the infected persons were removed from

Key Summary Points

The likelihood that approximately 40% to 45% of those
infected with SARS-CoV-2 will remain asymptomatic
suggests that the virus might have greater potential
than previously estimated to spread silently and deeply
through human populations.

Asymptomatic persons can transmit SARS-CoV-2 to oth-
ers for an extended period, perhaps longer than 14
days.

The absence of COVID-19 symptoms in persons in-
fected with SARS-CoV-2 might not necessarily imply an
absence of harm. More research is needed to determine
the significance of subclinical lung changes visible on
computed tomography scans.

The focus of testing programs for SARS-CoV-2 should
be substantially broadened to include persons who do
not have symptoms of COVID-19.

Table. Summary of SARS-CoV-2 Testing Studies

Cohort Tested, n SARS-CoV-2
Positive, n (%)

Positive but
Asymptomatic, n (%)

Notes*

Iceland residents (6) 13 080 100 (0.8) 43 (43.0) R
Vo', Italy, residents (7) 5155 102 (2.0) 43 (42.2) R, L
Diamond Princess cruise ship passengers and crew (8) 3711 712 (19.2) 331 (46.5) —
Boston homeless shelter occupants (9) 408 147 (36.0) 129 (87.8) —
New York City obstetric patients (11) 214 33 (15.4) 29 (87.9) L
U.S.S. Theodore Roosevelt aircraft carrier crew (12) 4954 856 (17.3) �500 (58.4) E
Japanese citizens evacuated from Wuhan, China (2) 565 13 (2.3) 4 (30.8) L
Greek citizens evacuated from the United Kingdom, Spain, and Turkey (14)† 783 40 (5.1) 35 (87.5) L
Charles de Gaulle aircraft carrier crew (13) 1760 1046 (59.4) �500 (47.8) E
Los Angeles homeless shelter occupants (10) 178 43 (24.2) 27 (62.8) —
King County, Washington, nursing facility residents (15) 76 48 (63.2) 3 (6.3) L
Arkansas, North Carolina, Ohio, and Virginia inmates (16) 4693 3277 (69.8) 3146 (96.0) —
New Jersey university and hospital employees (17) 829 41 (4.9) 27 (65.9) —
Indiana residents (18) 4611 78 (1.7) 35 (44.8) R
Argentine cruise ship passengers and crew (19) 217 128 (59.0) 104 (81.3) —
San Francisco residents (29) 4160 74 (1.8) 39 (52.7) —

E = estimated from incomplete source data; L = longitudinal data collected; R = representative sample; SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2.
* An en dash indicates that the study did not have a representative sample, collected no longitudinal data, and did not require estimation of missing
data.
† Clarified via e-mail communication with coauthor.
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the shelter, and all occupants were subsequently tested
over a 2-day period (9). Among 408 occupants,
147 (36.0%) tested positive for SARS-CoV-2, of whom
129 (87.8%) were asymptomatic (23). The researchers
concluded that “front-door symptom screening in
homeless shelter settings will likely miss a substantial
number of COVID-19 cases in this high-risk population”
(9).

Los Angeles Homeless Shelter
On 28 March, an initial case of COVID-19 was diag-

nosed with a positive test result at a homeless shelter in
downtown Los Angeles, California (10). After a cluster
of symptomatic persons was identified early in the
week of 20 April, the shelter was closed to new occu-
pants and testing was started for current occupants. As
of 22 April, 43 (24.2%) of 178 completed tests were
positive for SARS-CoV-2 and 27 (63.8%) of the persons
who tested positive were asymptomatic.

New York City Obstetric Patients
Between 22 March and 4 April 2020, women who

delivered infants at 2 New York City hospitals were
tested for SARS-CoV-2 (11). Among 214 patients,
33 (15.4%) tested positive, 29 (87.9%) of whom were
asymptomatic. The researchers note that “fever devel-
oped in 3 (10%) before postpartum discharge (median
length of stay, 2 days)” (11). Two of those patients,
though, were presumed to have endomyometritis, for
which they were treated with antibiotics.

U.S.S. Theodore Roosevelt
The first case of SARS-CoV-2 infection aboard the

American aircraft carrier U.S.S. Theodore Roosevelt was
diagnosed on 22 March 2020 (24). As of 24 April, 4954
crew members had been tested for the virus;
856 (17.3%) tested positive (12). According to a news
report, about 60% of those with positive results were
asymptomatic (25). After an extended period of isola-
tion, many of these asymptomatic persons continued to
test positive for SARS-CoV-2. An internal U.S. Navy doc-
ument stated, “Results of out-testing portions of the
[Theodore Roosevelt] crew following 14 days of quar-
antine leads us to reevaluate our assessment of how
the virus can remain active in an asymptomatic host”
(26).

Charles de Gaulle Aircraft Carrier
On 8 April 2020, crew members aboard the French

naval vessel Charles de Gaulle first began showing
symptoms of COVID-19, 24 days after last having had
contact with those outside the ship while docked on 15
March (27). On 10 April, 50 crew members received
positive test results for SARS-CoV-2. The entire crew
of 1760 was subsequently tested. As of 18 April,
1046 (59.4%) had tested positive, and of these, nearly
50% were asymptomatic (13).

Japanese Citizens Evacuated From Wuhan,
China

As of 6 February 2020, a total of 565 Japanese cit-
izens had been repatriated from Wuhan, China, on
charter flights. Thirteen (2.3%) tested positive for SARS-

CoV-2, of whom 4 (30.8%) were asymptomatic. As of 6
March, none of the latter persons had developed
COVID-19 symptoms (2).

Greek Citizens Evacuated From Spain, Turkey,
and the United Kingdom

From 20 through 25 March 2020, a total of 783
Greek citizens were repatriated from Spain, Turkey, and
the United Kingdom on 7 flights. Forty (5.1%) tested
positive for SARS-CoV-2 (14). At the time of testing,
39 (97.5%) were asymptomatic. At follow-up about 2
weeks later, 35 (87.5%) had remained asymptomatic
(Lytras T. Personal communication.).

Nursing Facility Residents in King County,
Washington

On 1 March 2020, a staff member who had worked
at a 116-bed skilled-nursing facility in King County,
Washington, on 26 and 28 February tested positive for
SARS-CoV-2 (15). On 13 March, 76 (92.6%) of the facil-
ity's 82 current residents were tested; 23 (30.3%) tested
positive. At the time of testing, 12 (52.2%) of the latter
persons were asymptomatic. On 19 and 20 March, 49
residents were retested, including those who had pre-
viously received negative results and those who had
tested positive but were asymptomatic or had atypical
symptoms. In this second round of testing, 24 residents
(49.0%) had positive results. Of these, 15 (63.5%) were
asymptomatic. After a median of 4 days of follow-up,
24 (88.9%) of the 27 asymptomatic persons developed
symptoms of COVID-19.

The researchers note, “More than half of residents
with positive test results were asymptomatic at the time
of testing and most likely contributed to transmission.
Infection-control strategies focused solely on symptom-
atic residents were not sufficient to prevent transmis-
sion after SARS-CoV-2 introduction into this facility”
(15).

Inmates in Arkansas, North Carolina, Ohio, and
Virginia

Widespread outbreaks of COVID-19 in the correc-
tional facilities of several states have led to large-scale
screening programs. According to research by Reuters
journalists (16), as of 25 April 2020, SARS-CoV-2 test
results that include data on symptom status were avail-
able for 4693 inmates in the state prison systems of
Arkansas, North Carolina, Ohio, and Virginia. Among
these inmates, 3277 (69.8%) tested positive, of whom
3146 (96%) had no symptoms at the time of testing.

Rutgers University Students and Employees
From 24 March through 7 April 2020, researchers

recruited 829 students and employees at Rutgers Uni-
versity and 2 affiliated hospitals for SARS-CoV-2 testing
(17); 546 were health care workers. In total, 41 (4.9%)
tested positive. Among health care workers, 40 (7.3%)
tested positive, compared with 1 (0.4%) of those in
other fields. Of all who tested positive, 27 (65.9%) re-
ported no symptoms when they were tested.
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Indiana Residents
From 25 April through 1 May 2020, the Indiana

State Department of Health and the Indiana University
Richard M. Fairbanks School of Public Health tested
4611 residents of Indiana for SARS-CoV-2 (18, 28). “This
number includes more than 3,600 people who were
randomly selected and an additional 900 volunteers re-
cruited through outreach to the African American and
Hispanic communities to more accurately represent
state demographics” (28). In total, 78 (1.7%) tested pos-
itive; 35 (44.8%) of these persons were asymptomatic.

Argentine Cruise Ship Passengers and Crew
In mid-March 2020, a cruise ship departed Ushuaia,

Argentina, for a planned 21-day expedition (19). After
the emergence of a febrile passenger on the eighth
day of the cruise, the ship's itinerary was altered, and it
eventually docked at Montevideo, Uruguay, on the 13th
day. All 217 passengers and crew members were tested;
128 (59.0%) tested positive, of whom 104 (81.3%) were
asymptomatic.

San Francisco Residents
During 4 days in late April 2020, “4,160 adults and

children, including more than half of the residents in
the 16 square blocks that make up San Francisco Cen-
sus Tract 229.01” in the Mission District, were tested
(29). Seventy-four (1.8%) tested positive, of whom
39 (52.7%) were asymptomatic.

DISCUSSION
Despite concerns about distinguishing asymptom-

atic from presymptomatic persons, data from 4 of 5 of
the cohorts with longitudinal reporting suggest that a
small fraction of asymptomatic persons may eventually
develop symptoms. In the Italian and Japanese cohorts,
0% of asymptomatic persons became symptomatic. In
the Greek and New York cohorts, 10.3% of asymptom-
atic persons became symptomatic. In the New York co-
hort, the figure might be as low as 3.4% because of the
presumed diagnosis of endomyometritis in 2 of the 3
women who developed fevers. The observation period
in this cohort, however, was extremely brief: a median
of 2 days.

The King County cohort—in a skilled-nursing facility—is
an outlier. Of 27 initially asymptomatic residents,
24 (88.9%) eventually developed symptoms and were
therefore recategorized as having been presymptom-
atic. These persons were presumably much older and
had more comorbid conditions than those in the other
4 longitudinal cohorts. In addition, they resided to-
gether in a single facility, which might have allowed for
repeated exposures to infected persons. More research
is needed to ascertain the effect of age and environ-
mental factors on the natural history of COVID-19.

The Vo’ cohort seems to confirm that asymptomatic
persons can indeed transmit SARS-CoV-2 to others,
and the experience aboard the U.S.S. Theodore Roos-
evelt suggests that they might be able to transmit the
virus to others for longer than 14 days. These worri-
some findings could explain, in part, the rapid spread

of the virus around the globe. Persons who do not feel
or look ill are likely to have far more interaction with
others than those who have symptoms. If asymptomatic
transmission is indeed common, testing only those with
symptoms would seem to be folly.

The finding that 54% of the 76 asymptomatic per-
sons on the Diamond Princess who were examined by
computed tomography appeared to have significant
subclinical abnormalities in their lungs is disturbing.
Further research will be required to confirm this poten-
tially important finding, taking into account possible
confounding factors, including the age of passengers
aboard the Diamond Princess. If confirmed, this finding
suggests that the absence of symptoms might not nec-
essarily mean the absence of harm. The subclinical na-
ture of the finding raises the possibility that SARS-
CoV-2 infection causes subtle deficits in lung function
that might not be immediately apparent.

Does the relatively high proportion (60.5%) of
asymptomatic cases on the U.S.S. Theodore Roosevelt—
whose crew members, presumably, are mostly in their
20s and 30s—suggest that asymptomatic infection is
more likely in younger persons? Perhaps, but it must be
noted that the proportion of asymptomatic infection
(47.8%) on the Charles de Gaulle aircraft carrier seems
to be only marginally higher than average. A case se-
ries from Wuhan, China, from 24 December 2019 to 24
February 2020 included data for “78 patients from 26
cluster cases of exposure to the Hunan seafood market
or close contact with other patients with COVID-19”
(30). Asymptomatic patients “were younger (median
[interquartile range] age, 37 [26-45] years vs 56 [34-63]
years; P < .001), and had a higher proportion of women
(22 [66.7%] women vs 14 [31.%] [sic] women; P =
.002).”

As noted earlier, the data and studies reviewed
here are imperfect in many ways. The ideal study of
asymptomatic SARS-CoV-2 infection has yet to be
done. What might that study look like? Most important,
it must include a large, representative sample of the
general population, similar to the U.S. serosurvey for
which the National Institutes of Health is currently re-
cruiting (31). In contrast to the narrowly defined cohorts
here, it will be illuminating to have data that accurately
reflect the population at large. In addition, longitudinal
data must be collected over a sufficiently long time to
distinguish between asymptomatic and presymptom-
atic cases.

Closed cohorts, such as cruise ships, aircraft carri-
ers, and correctional facilities, offer both advantages
and disadvantages. Because the likelihood of viral ex-
posure is so much greater than in other settings, the
“treatment” that participants receive may be close to
uniform. As a result, we may learn more about the av-
erage incidence of asymptomatic infection. But the
confined environment—which ensures frequent, over-
lapping interaction between participants—makes it chal-
lenging to accurately trace contacts and elucidate the
chain of viral transmission.

On the basis of the 3 cohorts with representative
samples—Iceland and Indiana, with data gathered
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through random selection of participants, and Vo’, with
data for nearly all residents—the asymptomatic infection
rate may be as high as 40% to 45%. A conservative
estimate would be 30% or higher to account for the
presymptomatic admixture that has thus far not been
adequately quantified. In any case, these high rates are
not aligned with current testing programs that have
predominantly focused on symptomatic cases. Beyond
expanding testing to those without symptoms or known
exposure, our inability to recognize carriers might
make necessary the broad adoption of preventive strat-
egies, such as masks.

The 96% rate of asymptomatic infection among
thousands of inmates in 4 state prison systems is re-
markable. Without any longitudinal data, we cannot es-
timate the number of presymptomatic cases. If the
missing data prove to be similar to the Italian, Japa-
nese, Greek, and New York cohorts, though, the vast
majority of these persons will remain asymptomatic.
Why, then, might the asymptomatic infection rate in this
setting be so anomalously high?

One plausible factor could be cross-immunity im-
parted by the betacoronaviruses HCoV-OC43 and
HCoV-HKU1, which has been proposed as a mitigating
factor in the spread of SARS-CoV-2 (32). According to
the U.S. Centers for Disease Control and Prevention,
HCoV-HKU1 was active across the United States from
late November 2019 through mid-February 2020 (33).
In a locked-down congregate setting like a prison, it
seems possible that contagious respiratory viruses
could spread rapidly, so it would be interesting to do a
serosurvey for antibodies to these betacoronaviruses.
Still, 96% is very high. It would be prudent to review the
source data carefully for errors.

What individual differences might account for why
2 persons of the same age, sex, and health status, for
example, have idiosyncratic responses to SARS-CoV-2 in-
fection? Why does one come through with nary a symp-
tom, while the other lies near death in intensive care? At
the moment, we simply do not know. If ever there were a
need for precision medicine—for deeply and thoroughly
understanding the multitudinous “-omics” that shape
each of us—this is it. Perhaps there will be not just 1 ther-
apy or vaccine for SARS-CoV-2 but versions that are indi-
vidualized to maximize their efficacy.

In countries like the United States that have been
hardest hit by the SARS-CoV-2 pandemic, it has been
apparent for some time that the amount of testing must
be significantly and rapidly increased—perhaps by an
order of magnitude or more. With this new knowledge
that a large proportion of those infected with SARS-
CoV-2 have no symptoms, the urgency for more testing
becomes even greater.

In a perfect world, perhaps using simple, accurate,
inexpensive technology that is still on the drawing
board (34), we would test each person every day for
SARS-CoV-2. Until that is possible, innovative surveil-
lance tactics might provide useful data for public health
officials. Self-monitoring with internet-connected ther-
mometers and smart watches that monitor heart rate,
then crowdsourcing the resulting data, has been shown

to accurately predict the incidence of influenza-like ill-
ness as reported by the California Department of Public
Health and the Centers for Disease Control and Preven-
tion (35–37). Similarly, monitoring sewage sludge pro-
vided “SARS-CoV-2 RNA concentrations [that] were
a seven-day leading indicator ahead of compiled
COVID-19 testing data and led local hospital admis-
sions data by three days” (38).

The early data that we have assembled on the prev-
alence of asymptomatic SARS-CoV-2 infection suggest
that this is a significant factor in the rapid progression
of the COVID-19 pandemic. Medical practice and pub-
lic health measures should be modified to address this
challenge.
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