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Slifka and Gao1 questioned the plausibility and extent of presymp-
tomatic transmission of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), in part in relation to our recent report2.  
We provide our response below.

Our study utilized two sources—a clinical dataset with viral load 
data from 94 patients with coronavirus disease 2019 (COVID-19) 
and an epidemiologic dataset with 77 infector–infectee transmis-
sion pairs. The estimated infectiousness profile, including the pro-
portion of presymptomatic transmission, was based on the latter 
dataset alone, which we had made clear in our original report. Slifka 
and Gao misunderstood our argument that the viral load data or 
their trend was used to infer the temporal infectiousness profile. We 
specifically did not and could not adopt the said approach because 
of data limitations worldwide at the time of publication. For exam-
ple, there were only five throat swabs in total during the first three 
days after symptom onset in two early studies with longitudinal 
viral load data, one of which Slifka and Gao cited3,4. In any case, viral 
load data obtained by reverse-transcription PCR do not reflect virus 
viability and should not be used directly or solely to infer infectious-
ness. Fitting a longitudinal statistical model or analysis of individual 
peak viral loads would not resolve this fundamental data limitation. 
As such, we used a cubic spline only for the purpose of data visual-
ization. We presented the viral load data to provide context vis-à-vis 
the plausibility of the main findings on the infectiousness profile 
derived from infector–infectee transmission pairs. We were not 
unaware of this potential misinterpretation; thus, in the main text 
we explicitly stated that “viral load data were not used in the estima-
tion but showed a similar monotonic decreasing pattern”2.

Slifka and Gao used a different (lognormal) incubation period 
with mean and standard deviation parameters of 1.57 and 0.65 from 
Bi et al.5 (that is, median = 4.80 days and mean = 5.95 days) to esti-
mate the infectiousness profile with a (shifted) gamma distribution, 
and estimated that infectiousness peaked at 2.3 days before symp-
tom onset, which is implausible as shown in the bottom right panel 
of Fig. 1 in Slifka and Gao. The peak might have been obtained by 
overlooking that the mode is the same as the start of infectiousness 
when the shape parameter is smaller than 1 for a gamma distribu-
tion. We refitted the model using the same incubation period and 
obtained parameters with a larger log-likelihood value (−189.48 
versus −189.63 from the original code, which was not yet optimized 
for the alternative incubation period), and estimated that infec-
tiousness started 2.5 days and peaked at 1.0 day before symptom 
onset (Fig. 1). The estimated proportion of presymptomatic spread 
was 57%. This larger presymptomatic proportion could have been 
anticipated with a longer incubation period (mean = 5.2 days in  
our study).

Since the publication of our paper and Slifka and Gao’s corre-
spondence, we have identified a syntactical error in the original 
code. Using a mean incubation period of 5.2 days, the amended 
estimation gave a presymptomatic proportion of 44% (unchanged 
from the original estimate). This is now detailed in a correction2.

Further, Slifka and Gao cited the report of Du et al.6, wherein 
12.6% of the serial intervals were negative, as an indication of the 
presymptomatic proportion. While a negative serial interval pre-
cludes the possibility of transmission after symptom onset of the 
infector, a non-negative serial interval does not rule out presymp-
tomatic transmission. For example, a serial interval of 0 indicates a 
50% chance of presymptomatic transmission if we assume the incu-
bation periods of the infector and infectee were similar. Therefore, 
the 12.6% negative serial interval datum provides only a very con-
servative lower bound for the presymptomatic proportion. Our 
modeling has accounted for such to estimate the likely, not mini-
mum, proportion of presymptomatic spread.

Slifka and Gao also cited contrarian studies with selective, and 
perhaps biased, samples. For example, one study from Nanjing 
looked at 24 individuals with asymptomatic COVID-19 who were 
close contacts of confirmed cases7. Some of these patients were 
admitted and individually isolated in hospital as early as two days 
before symptom onset, which would likely have prevented further 
transmission, in the community or nosocomially. Similarly, an 
outbreak at a South Korean call center involving almost 100 con-
firmed cases was cited, where early and stringent quarantine and 
isolation measures had been implemented after the first case was 
reported8. Patients in another Singaporean study were identified 
through contact tracing that considered only contacts after symp-
tom onset of the infector, thus limiting the possibility of identify-
ing presymptomatic transmission9. In fact, the authors of that study 
strongly recommended that contact tracing should include a period 
before symptom onset. Slifka and Gao also misinterpreted 55% as 
the proportion of transmission due to undocumented cases in Li 
et al.10, as opposed to the relative transmissibility of undocumented 
cases, which they correctly differentiated from presymptomatic 
cases. Slifka and Gao also incompletely referenced an observa-
tional study wherein 31% (5/16) of transmission occurred before 
symptom onset. In fact, these five transmission events occurred 
exactly one day before symptom onset, but four more transmis-
sion events occurred two to three days before symptom onset 
(Fig. 2C in Furuse et al.11). This suggested a substantial 56% (9/16) 
chance of presymptomatic transmission, which is consistent with  
our results.

Slifka and Gao based some of their arguments on the compara-
tive transmissibility of SARS-CoV-2 with Middle East respiratory 
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syndrome coronavirus and SARS-CoV-1, which had very different 
viral kinetics and shedding profiles, respectively12,13.

For SARS-CoV-2, a recent study investigating contact tracing 
strategies estimated the proportion of presymptomatic transmis-
sion at 35%, similar to our estimate. It also found that other modes 
of transmission (symptomatic, environmental and asymptomatic) 
contribute less than presymptomatic spread.

Allow us to re-emphasize what we had fully acknowledged pre-
viously, that our estimated infectiousness profile was obtained “in 
settings with substantial household clustering, active case finding 
and quarantine outside the home”. Such interventions would have a 
stronger effect of reducing transmission after symptom onset, thus 
shifting the infectiousness profile distribution towards the pres-
ymptomatic period.

We conclude that presymptomatic transmission of SAR-CoV-2 
is not only plausible, but quite possibly a substantial mode of trans-
mission, especially in the presence of public health interventions.
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Fig. 1 | Inferred infectiousness profiles. Estimation was based on mean 
incubation periods of 5.22 days and 5.95 days (bi et al.5), respectively.
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