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Abstract

From 2 severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) household transmission
studies (enrolling April 2020 to January 2022) with rapid enrollment and specimen collection for
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14 days, 61% (43/70) of primary cases had culturable virus detected =6 days post-onset. Risk
of secondary infection among household contacts tended to be greater when primary cases had
culturable virus detected after onset. Regardless of duration of culturable virus, most secondary
infections (70%, 28/40) had serial intervals <6 days, suggesting early transmission. These data
examine viral culture as a proxy for infectiousness, reaffirm the need for rapid control measures
after infection, and highlight the potential for prolonged infectiousness (=6 days) in many
individuals.

Keywords
SARS-CoV-2; household transmission; secondary infection risk; viral culture

As the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic evolves,
there is continued need to understand the duration of infectiousness and how it

impacts transmission. Several studies have reported that individuals with symptomatic
uncomplicated SARS-CoV-2 virus infection, across multiple virus variants, shed cultureable
virus 4-11 days after illness onset [1-3]. However, it remains unclear whether viral culture
is an adequate marker of infectiousness, if there are other clinical or individual markers for
infectiousness, and how the period of infectiousness contributes to the risk of secondary
transmission [4, 5].

We combined 2 studies conducting daily prospective follow-up of persons acutely infected
with SARS-CoV-2 and their household contacts. We described the frequency and duration of
culturable virus detection in primary cases and assessed whether the duration of culturable
virus detection was associated with household transmission and the timing of secondary
infection.

METHODS

From April 2020 to January 2022, 2 case-ascertained household transmission studies were
conducted in Nashville, Tennessee and San Francisco, California. Ethical approvals were
provided by Vanderbilt University and the University of California-San Francisco (UCSF);
the Centers for Disease Control and Prevention (CDC) reviewed these activities and relied
on these approvals. Activities were conducted consistent with applicable federal law and
CDC policy (see 45 C.F.R. part 46; 21 C.F.R. part 56).

We recruited individuals acutely ill with laboratory-confirmed SARS-CoV-2 infection and
enrolled them and their household contacts within 7 days of illness onset (defined as

first day of symptom onset or date of positive polymerase chain reaction [PCR] test for
asymptomatic cases) [6, 7]. Primary cases and their household contacts were instructed

to self-collect nasal swabs daily for at least 14 days after illness onset or enrollment.
Specimens were tested for SARS-CoV-2 using reverse transcription-quantitative PCR
(RT-gPCR). Whole-genome sequencing was conducted on positive specimens from San
Francisco at UCSF following the ARTIC Network amplicon-based sequencing protocol
adapted for SARS-CoV-2 [8]. Sequences were generated using a MinlON instrument
(Oxford Nanopore Technologies) and assembled using the nCoV-2019 novel coronavirus
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bioinformatics protocol [8, 9]. Viral lineages were assigned using Phylogenetic Assignment
of Named Global Outbreak Lineages [10]. Seven households enrolled from San Francisco
were missing viral lineage data, and lineage was assumed based on the dominant circulating
variant at enrollment. We assumed that SARS-CoV-2 viruses detected in the Nashville
households were not variants of concern or interest (non-VOC/VOI) given that all Nashville
households were enrolled before August 2020 and the first case with a documented VOC
was in September 2020 [11].

We sent specimens from Nashville to CDC (Atlanta, GA) and specimens from San Francisco
to UCSF for viral culture. Specimens meeting prespecified cycle threshold (Ct) cutoffs
(Nashville, Ct <40 for any target; or San Francisco, Ct <40 for nucleocapsid and envelope
gene targets) were inoculated onto Vero E6-TMRPSS2 cells with (UCSF) or without (CDC)
coexpression of hACE2 and assessed for cytopathic effect 2—7 days after inoculation (Figure
1). Results were reported as culture positive or culture negative and RT-gPCR was used to
confirm SARS-CoV-2 in presumptive positive cultures [7, 12].

Within each household, we defined the primary case as the SARS-CoV-2—-infected
participant with the earliest illness onset date, using the date of the first known SARS-
CoV-2—positive test when symptom onset was unknown. We excluded 34 households with
coprimary cases (primary case and an infected household contact with onset <2 days apart)
and 6 households that did not have viral culture data available for the primary case. We
considered household contacts as likely secondary cases if they had SARS-CoV-2 infection
and either symptom onset or first PCR-positive specimen within 10 days of the primary
case’s onset. We calculated serial intervals, as a surrogate for generation time, defined as
days between symptom onset in the primary case and an infected household contact.

We used Poisson regressions with generalized estimating equations, accounting for
household clustering, to examine whether the risk of infection among household contacts
was associated with culturable virus in the primary case. Each Poisson regression included
the number of household members enrolled to account for crowding. We conducted 3
analyses using different definitions of exposure to culturable virus in the primary case:
analysis 1, exposure was defined by whether the primary case had culturable virus detected
at least once during follow-up (assumes cases with no culturable virus detected were never
culture positive during their infection); analysis 2, exposure was days from illness onset to
last culture-positive specimen, where primary cases who had no culturable virus detected
during follow-up were assigned a duration equal to the days between their illness onset
and study enrollment (allowing the maximum possible duration); and analysis 3, exposure
was =6 days versus <6 days of culturable virus detected after illness onset, assigning
primary cases with no culturable virus detected to <6 days. Using analysis 3, we explored
confounding by age of the contact (<30 vs =30 years), study location, or study month.
Seeing no evidence of confounding, we present all 3 analyses adjusted for household size
only.

For sensitivity analyses, we repeated analysis 2 setting the duration for cases with no
culturable virus detected during follow-up to 0 days. With analysis 3, we first modified
group assignments assuming all primary cases had culturable virus for the full duration

J Infect Dis. Author manuscript; available in PMC 2023 July 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deyoe et al.

RESULTS

Page 4

between illness onset and study enroliment and, second, included the 6 households
previously excluded for lack of primary culture results, assigning households to groups
assuming the primary case had culturable virus for the duration between illness onset and
study enrollment. Finally, we constructed a 3-level variable for the primary case’s duration
of culturable-virus detection:; = 6 days postonset, 1-5 days postonset, and no culturable virus
detected in study follow-up. Analyses were conducted using SAS version 9.4.

Seventy households (70 primary cases and 114 household contacts), enrolled from April
2020 to January 2022, met our inclusion criteria for analysis (Supplementary Figure A).
Primary cases were infected with non-VOC/VOI (71%), Alpha (1%), Delta (23%), and
Omicron (4%) lineage SARS-CoV-2 viruses (Supplementary Table A). Of the 70 primary
cases (enrolled a median of 4 days after illness onset; interquartile range [IQR], 3-5 days;
maximum, 7 days), 53 (76%) had at least 1 specimen with culturable virus detected during
follow-up (median duration of culturable virus detection after illness onset, 6 days; IQR, 0-7
days; maximum, 18 days; Figure 1). Primary cases with culturable virus detected =6 days
after illness onset (61%; 43/70) were slightly older but otherwise similar to those who had
culturable virus detected for a shorter period of time (Supplementary Table A). Cough, sore
throat, and fatigue were more prevalent among those with a longer duration of culturable
virus (Supplementary Table A).

Forty (35% of 114; Supplementary Table B) household contacts were infected with SARS-
CoV-2 within 10 days of the primary case’s illness onset; 28 (70% of 40) had serial intervals
<6 days, and 12 (30% of 40) contacts had serial intervals of 6-10 days. Serial intervals were
similar between infection pairs regardless of the duration of culturable virus in the primary
case (Supplementary Table C).

Forty percent (34/85) of household contacts of primary cases with culturable virus detected
became infected with SARS-CoV-2, compared with 21% (6/29) of household contacts

of primary cases with no culturable virus detected (adjusted risk ratio [aRR], 1.93; 95%
confidence interval [Cl], .87-4.27; Table 1). There was a nonsignificant increase in a
contact’s risk of becoming infected with SARS-CoV-2 with every additional day that a
primary case had culturable virus (aRR, 1.02; 95% CI, .88-1.18). Contacts of primary cases
with culturable virus for =6 days post-onset were more likely to be infected than contacts
of primary cases with culturable virus detected for <6 days (41% vs 26%; aRR, 1.59; 95%
Cl, .84-3.01), although not statistically significant. These trends remained across analyses
and when the model was additionally adjusted for age, site, or calendar time (Supplementary
Table D).

DISCUSSION

In a combined analysis of 2 single-site studies that rapidly recruited households after SARS-
CoV-2 introduction and included daily follow-up, most primary cases had culturable virus
detected at least once after illness onset and more than half remained culture positive 6

or more days after onset. We observed a high proportion of infection among household
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contacts, with a trend towards greater risk of infection among contacts when we detected
culturable virus in a primary case or when a primary case had culturable virus for longer. We
did not, however, see that prolonged detection of culturable virus in primary cases affected
the timing of when household contacts became ill; transmission events still occurred early
after the primary case was infected. Therefore, prolonged detection of culturable virus may
be serving as a proxy for early infectious virus dynamics (such as higher infectious viral
loads or timing of the peak viral load relative to infection or onset). Overall, these data
reaffirm the need for rapid detection and isolation of SARS-CoV-2—-infected persons, but
also highlight the need for infected persons to continue using infection control measures
after the first week of illness.

Although small, these studies add to the literature on the relationship of viral culture
positivity with SARS-CoV-2 infectiousness. Having a laboratory marker of infectiousness
would be helpful for studying predictors of, or assessing the impact of, vaccines and
antivirals on infectiousness. Further work could focus on finding other markers of
infectiousness, as viral cultures are complex assays that require access to biosafety level

3 laboratories. Longitudinal studies of acute SARS-CoV-2 infection that pair viral culture
testing with widely available rapid antigen tests, for example, would be helpful. Host
characteristics such as age or vaccination status, or their illness, such as symptoms or

time since onset, as suggested by our study, may be useful in predicting duration of
infectiousness. Further information on when and for how long a person infected with SARS-
CoV-2 is infectious is needed and would enable more selective and effective prevention and
control guidance [12, 13]. Furthermore, quantitative infectious viral load data, inclusive of
the peak, will be necessary to understand the effects of virologic dynamics on infectiousness
and transmission in future studies.

Currently, CDC recommends that SARS-CoV-2-infected individuals isolate for at least 5
days after illness onset, after which the individual should continue to wear a well-fitting
mask when around others until 10 days postonset or after 2 sequential negative antigen tests
taken 48 hours apart [14]. Most illnesses among household contacts in our studies occurred
within 5 days of the primary case’s onset, underscoring that current isolation guidance
targets the period when most transmission occurred in households. However, it was common
that a primary case had culturable virus detected for longer than 5 days; thus, continued use
of mitigation measures, such as masking, is critical 6-10 days after onset to further prevent
community transmission [1, 2, 15].

While our data support current public health guidance, they were underpowered to
definitively demonstrate increased household transmission from primary cases with
culturable virus. The interpretation of our data is further limited in that we did not know
whether primary cases were culture positive between their first clinic test and study
enrollment and thus have made assumptions about culture positivity during those days.
Also, our estimate of transmission events that occurred on day 6 or later could be an
overestimate because we know that the true generation time is likely shorter given the
variability of the incubation period with SARS-CoV-2. Additionally, viral culture can be
insensitive, particularly near the end of the infectious period; therefore, the duration of
culture positivity in our analysis may be truncated. Next, there were differences in viral
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culture cell lines between laboratories; however, we did not observe a significant difference
in the duration of culturable virus by site among the primary cases. Finally, these analyses
may not be representative of infection and transmission dynamics such as serial intervals of
future variants or of transmission within community settings.

In conclusion, these 2 studies provide unique data on the duration of culture positivity

and secondary transmission risk within households. We found that the risk of secondary
infection among household contacts may be greater when primary cases had culturable virus
detected for longer than 5 days, although the majority of transmission occurred in the first

5 days of the primary case’s illness, irrespective of the duration of culture positivity. Our
findings reaffirm the need for rapid isolation and mitigation measures used over the course
of illness in the home to reduce transmission.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Days After Symptom Onset
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Specimen collected, but not cultured
No specimen collected

Figure 1.
SARS-CoV-2 primary case daily culture status and timing of secondary infections from date

of primary case illness onset through follow-up—household transmission studies in TN and
CA, 2020-2022. Viral culture was performed on nasal specimens that met the following
characteristics: (1) Nashville, TN, all SARS-CoV-2 RT-qPCR—positive (Ct< 40) specimens;
and (2) San Francisco, CA, all SARS-CoV-2 RT-qPCR—positive (Ct < 40 for 2 gene targets,
N and E) specimens up to day 14. After 14 days, SARS-CoV-2 RT-gPCR-positive (Ct < 40
for 2 gene targets, N and E) specimens were cultured until 3 consistent negative cultures
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were observed. Each asterisk (*) indicates days during follow-up when a household contact
with SARS-CoV-2 infection had illness onset. Abbreviations: Ct, cycle threshold; RT-gPCR,
reverse transcription quantitative polymerase chain reaction; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.
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