
As the coronavirus disease (COVID-19) pandem-
ic caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) unfolds, an increasing 
number of reports have indicated that some infected 
persons may not exhibit signs or symptoms of ill-
ness, including persons who are presymptomatic 
(SARS-CoV-2 RNA is detectable before symptom 
onset) or asymptomatic (SARS-CoV-2 RNA is de-
tectable but symptoms never develop) (1–8). The de-
tection of SARS-CoV-2 RNA in presymptomatic or 
asymptomatic persons does not prove that they can 
transmit the virus to others. We describe evidence 
that supports the concept of transmission while pre-
symptomatic and asymptomatic, which we found 
during a rapid literature review conducted at the 
Centers for Disease Control and Prevention (CDC) 
in early April 2020.

Evidence Supporting Presymptomatic 
and Asymptomatic Transmission
We searched the literature in PubMed for articles that 
were published from January 1 through April 2, 2020, 
and pertained to presymptomatic or asymptomatic 
SARS-CoV-2 transmission. This search captured the 
literature until the time CDC made policy changes 
recommending community cloth face coverings and 
universal masking in healthcare facilities. We used 
combinations of the search terms SARS-CoV-2, COV-
ID-19, asymptomatic, presymptomatic, and transmis-
sion. We included original articles, brief reports, and 
correspondences and excluded reviews, commentar-
ies, opinions, and preprint manuscripts (with the ex-
ception of CDC-authored studies that were in review). 
We classified studies as reporting epidemiologic, vi-
rologic, or modeling evidence for presymptomatic or 
asymptomatic transmission of SARS-CoV-2.

Epidemiologic Evidence
Most reports of presymptomatic (9–12), asymptom-
atic (13–15), or a combination of presymptomatic 
or asymptomatic SARS-CoV-2 transmission (16,17) 
were from China (Table 1). Presymptomatic or as-
ymptomatic primary patients were typically ex-
posed to SARS-CoV-2 during travel from Wuhan 
or another city in Hubei Province, China (9–16). 
One couple was exposed during a mass gathering 
in Shanghai for the Chinese Spring Festival (17). 
Reported cases of infected persons who transmit-
ted the virus to others while presymptomatic or as-
ymptomatic have occurred within families or house-
holds (9–11,13–17), during shared meals (10,12), 
or during visits with hospitalized family members 
(9,13). An inherent confounder to these reports from 
China is the inability to entirely rule out alternative 
SARS-CoV-2 exposure in the community early in the  
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Recent epidemiologic, virologic, and modeling reports 
support the possibility of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) transmission 
from persons who are presymptomatic (SARS-CoV-2 
detected before symptom onset) or asymptomatic 
(SARS-CoV-2 detected but symptoms never develop). 
SARS-CoV-2 transmission in the absence of symp-
toms reinforces the value of measures that prevent 
the spread of SARS-CoV-2 by infected persons who 
may not exhibit illness despite being infectious. Criti-
cal knowledge gaps include the relative incidence of 
asymptomatic and symptomatic SARS-CoV-2 infec-
tion, the public health interventions that prevent as-
ymptomatic transmission, and the question of whether 
asymptomatic SARS-CoV-2 infection confers protec-
tive immunity.
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Table 1. Summary of epidemiologic reports supporting transmission of severe acute respiratory syndrome coronavirus 2 while 
asymptomatic or presymptomatic* 

Ref. Setting 

Primary 
patient 

age, y/sex 
Primary patient 

exposure Transmission type 

Days from 
exposure to 
symptoms 

Secondary patient 
exposure Limitations/strengths 

(9) Xuzhou, 
China 

56/M Traveled 
through Wuhan 

Presymptomatic >5 3 family 
household 

members, 3 
hospital contacts 

L: Possible exposure while 
visiting a hospital; unclear 
exposure to the primary 
patient by the hospital 

cluster; possible undetected 
community transmission. 

(10) Zhoushan, 
China 

45/M Lived in Wuhan Presymptomatic >3 2 work colleagues 
sharing dinner 

L: Possible exposure from 
other conference attendees. 

(11) Shanghai, 
China 

65/F, 
69/M 

Lived in Wuhan Presymptomatic 6 2 family 
household 
members 

L: Possible undetected 
community transmission. 

(12) Luzhou, 
China 

50/M, 
51/F, 
23/M 

Lived in Wuhan Presymptomatic >9 2 family members 
sharing dinner 

L: Possible undetected 
community transmission. 

(13) Anyang, 
China 

20/F Lived in 
Wuhan, China 

Asymptomatic NA 5 family 
household 
members 

L: Initial negative RT-PCR in 
the primary case; possible 

undetected community 
transmission; possible 

exposure while visiting a 
hospital. 

(14) Nanjing, 
China 

67/M Traveled to 
Hubei Province, 

China 

Asymptomatic NA 3 family 
household 
members 

L: Possible undetected 
community transmission. 

(15) Beijing, 
China 

48/M Traveled to 
Wuhan 

Asymptomatic NA 3 family 
household 

members sharing 
a dinner 

L: Possible undetected 
community transmission. 

(16) Guangzhou, 
China 

35/M Lived in Wuhan Presymptomatic 
or asymptomatic 

>4 2 family 
household 
members 

L: Possible infection while 
the family was in Wuhan; 

primary patient could have 
been the wife or son. 

(17) Zhejiang, 
China 

58/F, 
60/M 

Attended 
Zhejiang 

Chinese Spring 
Festival 

Presymptomatic 
or asymptomatic 

5 4 family 
household 
members 

L: Unclear nature of the 
primary patients’ initial 

exposure during the visit to a 
temple; possible undetected 

community transmission. 
(18) Munich, 

Germany 
33/M Visiting 

colleague from 
China was sick 

Presymptomatic 3 2 work colleagues S: The 2 secondary cases 
had no contact with the sick 

colleague from China; no 
community spread in 
Germany at the time. 

(19) Singapore 55/F, 
56/M 

Visited Wuhan 
as tourists 

Presymptomatic >4 3 church 
attendees 

S: Limited community 
spread in Singapore during 

this time. Singapore 54/F Had dinner with 
confirmed case-

patient 

Presymptomatic 11 1 classmate in a 
singing class 

Singapore 53/F Had contact 
with confirmed 
case-patient 

Presymptomatic 8 1 family 
household 
member 

Singapore 37/M Traveled to the 
Philippines 

Presymptomatic >6 1 family 
household 
member 

Singapore 32/M Traveled to 
Japan 

Presymptomatic >3 1 household 
member 

Singapore 58/F Had contact 
with confirmed 
case-patient 

Presymptomatic 5 2 church 
attendees 

Singapore 63/M Traveled to 
Indonesia 

Presymptomatic >2 1 acquaintance 
with close contact 

*L, limitation; NA, not applicable; ref., reference; RT-PCR: reverse-transcription PCR; S, strength. 
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outbreak, when transmission in the community may 
have been undetected.

However, cases of presymptomatic transmission 
have been reported from other countries before wide-
spread community transmission occurred. A report 
from Germany documented infection of a German 
businessman after exposure to a mildly symptomatic 
colleague visiting from China (18). Before becoming 
symptomatic, this businessman exposed 2 other col-
leagues who subsequently received a COVID-19 di-
agnosis but did not have contact with the primary 
patient from China or any other known source. A re-
port from Singapore described 7 COVID-19 clusters 
resulting from presymptomatic transmission; pres-
ymptomatic primary patients varied from persons 
with travel from high-incidence countries to persons 
exposed in the local community (19). All primary pa-
tients experienced distinct periods of initial exposure 
and presymptomatic close contact with secondary 
patients who had no other known exposure risks. 
The incubation periods for presymptomatic primary 
patients with distinct exposures ranged from 3 to 11 
days; for presymptomatic primary patients with trav-
el history to an area with active transmission, the time 
from last exposure to symptom onset ranged from >2 
to >9 days.

Virologic Evidence
Currently, SARS-CoV-2 infection is primarily diag-
nosed by detection of viral RNA via reverse transcrip-
tion PCR (RT-PCR) or by viral culture and demon-
stration of cytopathic effect (20). Although RT-PCR 
identifies viral RNA and cannot determine whether 
infectious virus is present, infectiousness can be in-

ferred from cycle threshold (Ct) values. The RT-PCR 
Ct value represents the number of PCR cycles re-
quired to detect SARS-CoV-2 RNA; lower values indi-
cate higher viral load and imply higher infectiousness 
(20–22). The exact RT-PCR Ct values associated with 
the presence of infectious SARS-CoV-2 is unknown, 
but infectious virus has been isolated from a speci-
men with an RT-PCR Ct of 34 (23).

Four reports documented the presence of SARS-
CoV-2 RNA with lower Ct values in samples collected 
from persons in whom symptoms of COVID-19 never 
developed (24–27) (Table 2). Two reports described 
specimens with low RT-PCR Ct values among pres-
ymptomatic and asymptomatic residents of a nurs-
ing home identified as part of the same outbreak 
investigation (23,28). Among these reports, RT-PCR 
Ct values for SARS-CoV-2 RNA in asymptomatically 
infected persons ranged from 14 to 40 (23–27). The 
study with data on presymptomatic infected patients 
reported an average RT-PCR Ct value of 24 (range 15–
38) (23). Two reports described culture of infectious 
virus from persons with asymptomatic (24) and pre-
symptomatic (23) SARS-CoV-2 infection. Although 
these reports did not identify actual virus transmis-
sion while presymptomatic or asymptomatic, the low 
RT-PCR Ct values (i.e., high viral load) and ability to 
isolate infectious SARS-CoV-2 provide plausible viro-
logic evidence for SARS-CoV-2 transmission by per-
sons not demonstrating symptoms.

Modeling Evidence
Two studies used models to estimate the serial in-
terval (time between symptom onset in a primary 
patient and the secondary patient) (29,30) (Table 3). 
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Table 2. Summary of virologic reports supporting transmission of severe acute respiratory syndrome coronavirus 2 while 
asymptomatic and presymptomatic* 
Reference Setting Patient(s), age/sex Laboratory findings Limitations 
(23,28) Nursing home 

outbreak in 
Washington 

24 presymptomatic 
and 3 asymptomatic 

Mean RT-PCR Ct value 24.2 for 
presymptomatic and 27.3 for 

asymptomatic patients. Viral culture 
identified infectious virus in 7 (64%) of 11 
specimens from presymptomatic patients; 

no virus detected in 1 asymptomatic 
patient. 

Incomplete viral culture 
sampling from all 

presymptomatic and 
asymptomatic patients. 

(24) Repatriated to 
Germany from 
Wuhan, China 

2 asymptomatic 
adults 

Patients’ RT-PCR Ct values 24 and 30; 
infectious virus was detected by viral 

culture for both. 

No evidence of transmission 
during evacuation flight. 

(25) Family cluster in 
Singapore 

Asymptomatic 6 
mo/M 

RT-PCR Ct values 14 at diagnosis and 
increased to 33 over 9 d. 

No evidence of transmission 
from the infant to another 

household member. 
(26) Cluster in Vietnam 

related to travel to 
Wuhan 

Asymptomatic 55 
y/M 

RT-PCR Ct values >40 at diagnosis and 
during 9 d of viral RNA shedding. 

High Ct in the asymptomatic 
patient suggests minimal 

infectiousness. 
(27) Family cluster in 

Guangdong, China 
Asymptomatic, 26 

y/M 
RT-PCR Ct values 22–32 during testing 7–

11 d after initial diagnosis. 
No evidence of transmission 

to other family members in the 
cluster. 

*Ct, cycle threshold, RT-PCR, reverse transcription PCR. 
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They estimated the serial interval of COVID-19 to be 
4 days, which is shorter than the estimated median 
incubation period for COVID-19 of 5 days (31). One 
report suggested that up to 13% of infections may be 
transmitted during the presymptomatic period of ill-
ness (29). These studies relied on reports of primary 
and secondary cases and may be limited by recall 
bias; secondary patients are more likely to remember 
proximal exposures, biasing results toward a shorter 
serial interval.

Two models attempted to estimate the number 
of infections caused by asymptomatic, presymptom-
atic, or mildly symptomatic infected persons (30,32). 
These models varied widely; 1 model suggested that 
up to half of infections were transmitted from in-
fected persons who were presymptomatic (33), and 
another suggested that up to four fifths of infections 
were transmitted by persons with no symptoms or 
mild symptoms (32). Both models suggested that a 
large number of persons with asymptomatic or mild-
ly symptomatic infections were not detected by the 
health system and that these persons meaningfully 
contributed to ongoing community transmission 
(32,33). Although models are highly dependent on 
the assumptions built into them, these models sug-
gest that the speed and extent of SARS-CoV-2 trans-
mission cannot be accounted for solely by transmis-
sion from symptomatic persons.

Each of the epidemiologic, virologic, and mod-
eling studies described has limitations. However, 
in the aggregate, these diverse studies suggest that 
SARS-CoV-2 can be transmitted by persons with 
presymptomatic or asymptomatic infection, which 
may meaningfully contribute to the propagation 
of the COVID-19 pandemic. This literature sum-
mation was conducted to support changes in CDC 

recommendations to reduce the risk for asymptom-
atic transmission and was not a systematic review. 
These conclusions are drawn from the literature 
available at the time and may change, given the 
rapidly evolving nature of the evidence base for as-
ymptomatic transmission.

Public Health Implications of Trans-
mission While Asymptomatic
The existence of persons with asymptomatic SARS-
CoV-2 infection who are capable of transmitting the 
virus to others has several implications. First, the 
case-fatality rate for COVID-19 may be lower than 
currently estimated ratios if asymptomatic SARS-
CoV-2 infections are included (34,35). Second, trans-
mission while asymptomatic reinforces the value of 
community interventions to slow the transmission of 
COVID-19. Knowing that asymptomatic transmission 
was a possibility, CDC recommended key interven-
tions including physical distancing (36), use of cloth 
face coverings in public (37), and universal masking 
in healthcare facilities (38) to prevent SARS-CoV-2 
transmission by asymptomatic and symptomatic per-
sons with SARS-CoV-2 infection. Third, asymptom-
atic transmission enhances the need to scale up the 
capacity for widespread testing and thorough contact 
tracing to detect asymptomatic infections, interrupt 
undetected transmission chains, and further bend the 
curve downward.

Science Questions to Inform Public Health Action
The existence of SARS-CoV-2 transmission while in-
fected persons are presymptomatic and asymptom-
atic raises 3 key questions that need to be answered 
to inform public health action. First, the incidence of 
asymptomatic compared with symptomatic SARS-
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Table 3. Summary of modeling reports supporting transmission of severe acute respiratory syndrome coronavirus 2 while 
asymptomatic and presymptomatic* 
Reference Data source Model findings Limitations 
(29) Confirmed case-patients 

from 18 provincial health 
departments in China 

The mean serial interval was 4 d, and 
symptoms developed in 13% of secondary 

case-patients before primary case-
patients, suggesting presymptomatic 

transmission. 

Data limited to reports of confirmed cases 
early in the outbreak; recall bias may 

attribute infection to recent exposures and 
falsely lower the serial interval. 

(30) Published articles and case 
investigation reports. 

The median serial interval was 4–5 d, 
depending on the reports analyzed. 

Recall bias may attribute infection to 
recent exposures and falsely lower the 

serial interval. 
(32) Spatiotemporal data and 

reports on infections of 375 
persons during Spring 

Festival, China 

An estimated 86% of all infections were 
asymptomatic or mild and not reported; up 

to 79% of reported cases may have 
originated from these unreported 

asymptomatic or mild cases. 

Data limited to China early in the outbreak; 
several assumptions built into a complex 

model. 

(33) Reports of 40 manually 
selected transmission pairs 

from China 

On the basis of generation times and 
serial intervals, the authors estimated that 

one third to one half of transmission 
occurred from presymptomatic persons. 

Data limited for reports of confirmed cases 
early in the outbreak; recall bias may 

attribute infection to recent exposures and 
falsely lower the serial interval. 
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CoV-2 infection needs to be determined. The extent 
of presymptomatic or asymptomatic SARS-CoV-2 
infection may be clarified by studies using serial vi-
rologic data, serologic data, or a combination of both 
in observational cohorts or surveillance systems. If 
a substantial proportion of infections are asymp-
tomatic, enhanced testing strategies may be needed 
to detect these persons. Second, given that a large 
proportion of infections probably result from trans-
mission from asymptomatic or presymptomatic 
persons (32,33,39), the effectiveness of public health 
interventions aimed at reducing their infectiousness 
needs to be quantified. If the COVID-19 pandemic 
is found to be driven by undetected asymptomatic 
or mildly symptomatic SARS-CoV-2 infections, new 
innovations in disease detection and prevention (be-
yond exhaustive contact tracing, mass testing, and 
isolation of asymptomatic contacts) may be needed. 
Last, knowledge of SARS-CoV-2 immunity among 
persons with asymptomatic or mild SARS-CoV-2 
infection is needed; specifically, whether full or par-
tial immunity develops in these persons, how long 
protective immunity lasts, and if it is possible to be 
immune from reinfection but still asymptomatically 
transmit SARS-CoV-2 while in a carrier state. This 
information will be crucial for projecting the antici-
pated course of the pandemic and the potential for 
SARS-CoV-2 resurgence if immunity wanes (40). 
Information about immunity is also valuable for 
healthcare and other critical infrastructure workers 
for whom rates of exposure, and thereby asymp-
tomatic infection, may be higher and who therefore 
warrant data-informed guidance on how to safely 
return to work. The answers to these questions 
will be crucial for guiding the gradual relaxing of  
community interventions, resuming the nor-
mal functions of society, and recovering from the  
COVID-19 pandemic.
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