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Abstract: We aimed to assess the duration of nasopharyngeal severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) RNA persistence in adults self-confined at home after acute infection;
and to identify the associations of SARS-CoV-2 persistence with respiratory virus co-detection and
infection transmission. A cross-sectional intra-household study was conducted in metropolitan
Barcelona (Spain) during the time period of April to June 2020. Every adult who was the first
family member reported as SARS-CoV-2-positive by reverse transcription polymerase chain reaction
(RT-PCR) as well as their household child contacts had nasopharyngeal swabs tested by a targeted
SARS-CoV-2 RT-PCR and a multiplex viral respiratory panel after a 15 day minimum time lag.
Four-hundred and four households (404 adults and 708 children) were enrolled. SARS-CoV-2 RNA
was detected in 137 (33.9%) adults and 84 (11.9%) children. Rhinovirus/Enterovirus (RV/EV) was
commonly found (83.3%) in co-infection with SARS-CoV-2 in adults. The mean duration of SARS-
CoV-2 RNA presence in adults’ nasopharynx was 52 days (range 26–83 days). The persistence
of SARS-CoV-2 was significantly associated with RV/EV co-infection (adjusted odds ratio (aOR)
9.31; 95% CI 2.57–33.80) and SARS-CoV-2 detection in child contacts (aOR 2.08; 95% CI 1.24–3.51).
Prolonged nasopharyngeal SARS-CoV-2 RNA persistence beyond the acute infection phase was
frequent in adults quarantined at home during the first epidemic wave; which was associated with
RV/EV co-infection and could enhance intra-household infection transmission.
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1. Introduction

The infectious coronavirus disease 2019 (COVID-19) caused by the new severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has had devastating public health
consequences globally since it first emerged in Wuhan, China in December 2019 [1]. Spain
was one of the most strongly affected countries, with over 3.7 million cases and around
80,000 of deaths as of June 2021 [2]. A state of emergency was declared by the national
government in the period from March to May 2020, enforcing strict confinement for the
vast majority of the population and the closure of most businesses and all leisure, cultural
and educational places [3].

SARS-CoV-2 RNA detection by reverse transcription polymerase chain reaction (RT-
PCR) is an accurate method that is widely used to diagnose and monitor COVID-19 [4].
Diverse case series studies have reported that SARS-CoV-2 RNA remains detectable in
upper respiratory samples for between 11 and 20 days since symptom onset [5,6]. The
impact of virus persistence on disease transmissibility remains incompletely understood [7].

The prevalence of SARS-CoV-2 co-infection with other respiratory viruses varies
greatly in adults, from less than 5% [8–10] to up to 20% [11], whereas a co-infection rate of
40% has been reported in children [12]. It is unclear whether these co-infections lead to
worse clinical outcomes and to what extent they are related with lower or higher SARS-
CoV2 transmission [13]. Of note, hardly distinguishable rhinoviruses and respiratory
enteroviruses (RVs/EVs), which are the main etiological agents of the common cold,
often predominate over other respiratory viruses in patients infected with SARS-CoV-
2 [8–14]. While an antagonistic interaction of RV/EV with SARS-CoV-2 has previously
been described [10], the co-detection of both viral species has also been associated with
mild COVID-19 [15].

A recent intra-household study conducted by our group during the spring 2020 lock-
down reported that the SARS-CoV-2 seroprevalence in the child contacts of self-confined
parents who had experienced COVID-19 was 17.6% [16]. In this nested study, we aimed
to determine the duration of nasopharyngeal SARS-CoV-2 RNA presence in adults self-
confined at home beyond the acute infection phase, and to assess the association between
SARS-CoV-2 RNA persistence, respiratory virus co-detection and intra-household infection
transmission. We also analyzed the epidemiological, clinical and microbiological factors
related to SARS-CoV-2 RNA persistence.

2. Materials and Methods
2.1. Study Design

The study was conducted by researchers of the University Hospital Sant Joan de Déu
(Barcelona, Spain). Details of participants and data and sample collection procedures have
been previously described [16]. In brief, we prospectively enrolled volunteer families
that included one adult parent who was the first family member reported as positive by
SARS-CoV-2 RT-PCR (hereafter referred to as first-reported adult case) and at least one
child aged less than 15 years co-habiting in the same household. Enrollment targeted
family households located in the Health Region of metropolitan Barcelona and spanned
from 28 April to 3 June 2020. Participant adults recovering or completely recovered from
COVID-19 had tested positive for SARS-CoV-2 RNA detection in a nasopharyngeal swab
at least 15 days before their household was visited for sample collection. Virus persistence
in adults was defined as positive detection of SARS-CoV-2 RNA in a nasopharyngeal swab
15 days or longer after the first confirmatory RT-PCR result. All family members were also
tested by rapid immunochromatographic lateral flow assay (LFA) at the household visit,
whereas only adults that gave their consent had venous blood extracted for subsequent
enzyme-linked immunosorbent assay (ELISA) at the laboratory of the study site.

2.2. Detection of SARS-CoV-2 RNA and RNA/DNA of Other Respiratory Viruses

SARS-CoV-2 RNA was extracted from nasopharyngeal swabs using the Quick-DNA/
RNA Viral Mag Bead kit (Zymo Research, Irvine, CA, US) which was fully automated
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on a Tecan Dream Prep NAP Workstation (Tecan Trading AG, Männendorf, Switzerland).
SARS-CoV-2 RT-PCR assays were performed in an Applied Biosystems 7900HT robot with
384-well block equipment according to the CDC-006-00019 protocol (virus RNA extraction
and amplification procedures detailed in Appendix A). A SARS-CoV2 RNA result was
considered positive if the RNase P human gene and either the N1 or N2 gene were detected,
and negative if only Rnase P gene was detected. Those households where first-reported
adult cases yielded invalid results (all three genes negative) by RT-PCR were excluded
from the study.

Respiratory viruses other than SARS-CoV-2 were identified by Allplex® Respiratory
Panels 1, 2 and 3 (Seegene Inc., Seoul, Korea) according to manufacturer instructions.
This real-time one-step RT-PCR panel assay targets adenovirus (AdV), bocavirus (BoV)
types 1/2/3/4, coronavirus (CoV) types 229E/NL63/OC43, influenza A virus (IFV-A)
including differentiation of subtypes H1/H1N1-2009/H3, influenza B virus (IFV-B), metap-
neumovirus (MPV), parainfluenza virus (PIV) types 1/2/3/4, respiratory syncytial virus
(RSV) types A/B and rhinovirus/enterovirus (RV/EV).

2.3. Detection of SARS-CoV-2 Antibodies

A rapid immunochromatographic lateral flow assay (2019-n-CoV Ab Test, Innovita
Tangshan Biological Technology Co, Beijing, China) was used for the detection of IgG, IgM,
or both in capillary blood obtained by finger prick from all participants. In addition, serum
samples from a number of first-reported adult cases were tested by the Abbott SARS-CoV-2
IgG assay on the Abbott Architect instrument according to the manufacturer’s instructions.
This assay is a chemiluminescent immunoassay for the qualitative detection of IgG in
human serum or plasma against the SARS-CoV-2 nucleoprotein.

2.4. Statistical Analysis

Dichotomous variables were compared by chi-square or Fisher’s exact test. The t-
test or the Mann–Whitney test were respectively used for the comparison of continuous
variables with normal distributions or skewed data. SARS-CoV-2 nasopharyngeal load
was log transformed before analysis. Bivariate analyses were performed to identify the
associations of the presence of SARS-CoV-2 RNA in the nasopharynx of participants with
concomitant infection with other respiratory viruses, among other relevant epidemiological,
microbiological and clinical data. Variables that showed a relationship with nasopharyngeal
SARS-CoV-2 RNA detection at a p-value ≤ 0.10 were considered for multivariate logistic
regression analysis. Statistical significance was set at a p-value of < 0.05 and 95% confidence
intervals (CIs). Stata v.15 software (StataCorp, College Station, TX, US) was used for
statistical analyses.

2.5. Ethics Statement

Every adult household member recruited for the main household study gave an in-
formed consent to participate. Informed consent was also obtained from parents/guardians
of participating children, as was individual assent from every participating child aged ≥12
years. The Ethics Committee of University Hospital Sant Joan de Déu approved the main
household seroprevalence study, including the use of collected samples for further studies
nested within it.

3. Results
3.1. Selection of Family Households

Four-hundred and ten families that participated in the main household seroprevalence
study were screened, and six of them were excluded due to invalid results by SARS-CoV-2
RT-PCR for either the first-reported adult case or their children. A total of 404 family
households were ultimately selected, including 404 first-reported adult cases and 708 child
contacts (total participants, 1112).
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3.2. Epidemiological and Clinical Characteristics of Participants

The majority of adults were women (n = 254, 62.9%) and health workers (n = 224,
55.4%). Adults’ mean age was 40.3 years (SD 7.1), and women were younger (mean age 40.1
years, SD 7.2) than men (mean age 43.5 years, SD 6.3, p < 0.001). The boys predominated
among child contacts (n = 379, 53.5%), and were younger (mean age 5.6 years, SD 3.7)
than girls (mean age 6.4 years, SD 3.8, p = 0.01). Household mean surface area was 102
square meters (SD 43.0) and co-habitants ranged from 2 to 7 members, including 1 to 5
children. There was more than one child living in 311 (74.5%) households. Twenty-nine
(7.2%) households were visited within 18–30 days after the first positive SARS-CoV-2
RT-PCR result for the first-reported adult case, 253 (62.6%) within 31–60 days and 122
(30.2%) beyond 60 days. Mean time lag between initial and follow-up SARS-CoV-2 RT-PCR
tests in cases was 52 days (range 18–85 days). Overall, 93 (23.1%) out of 404 adults were
hospitalized during the acute phase of infection and men had a higher hospitalization
rate than women (39.3 vs. 13.4%, p < 0.001). Co-morbidities were reported in 27.2% of
cases, particularly obesity (12.5%) and autoimmune diseases (7.1%). Nearly all children
(99.0%) had been vaccinated according to the pediatric vaccination schedule applicable
in the region. A noticeable proportion of children (35.9%) had experienced respiratory
infections since January 2020 (Table 1).

Table 1. Epidemiological and clinical characteristics of participants.

Variable No. (%)

First-reported adult cases 404 (100.0)
Mean age (SD), years 41.3 (7.1)

15–24 1 (0.3)
25–34 47 (11.6)
35–44 261 (64.6)
45–55 89 (22.0)
≥55 6 (1.5)

Sex, female 254 (62.9)
Health worker 224 (55.4)

Obesity a (n = 401) 50 (12.5)
Autoimmune disease (n = 379) 27 (7.1)

Asthma (n = 379) 19 (5.0)
Hypertension b (n = 402) 14 (3.5)

Hospitalization during the past COVID-19 episode 93 (23.0)
Child contacts 708 (100.0)

Mean age (SD), years 6.0 (3.8)
0–4 344 (48.6)
5–14 364 (51.4)

Sex, male 379 (53.5)
Vaginal delivery (n = 695) 488 (70.2)

Breastfeeding (n = 693) 594 (85.7)
Vaccines received according to vaccination schedule 689 (99.0)

Recent respiratory infection c 254 (35.9)
Attendance of kindergarten/school before lockdown (n = 702) 196 (27.9)
Public transport use to go to school before lockdown (n = 693) 97 (14.0)

Values expressed as No. (%), unless otherwise stated. Abbreviations: SD, standard deviation; COVID-19, coronavirus disease 2019. a

Obesity defined as a body mass index ≤ 30.0. b Hypertension defined as systolic blood pressure readings ≥ 120 mm Hg and diastolic blood
pressure readings < 80 mm Hg. c Since January 2020.

3.3. SARS-CoV-2 RNA Detection and Antibody Response in Participants

Persistence of SARS-CoV2 RNA detection was observed in the nasopharynx of 137
(33.9%) adults. The mean duration of SARS-CoV-2 RNA persistence in adults was 52 days
(range 26–83 days). Mean nasopharyngeal viral load was 3.4 log copies/mL (SD, 1.0). We
found 180 (44.6%) out of 404 adults to be positive by SARS-CoV-2 antibody LFA and 214
(85.6%) out of 250 positive by ELISA. Among the 137 adults persistently positive for the
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virus according to RT-PCR, 73 (53.3%) had a negative LFA result whereas 10 (11.1%) out of
90 tested by ELISA were negative. The difference in mean viral load between LFA-negative
and LFA-positive adults was not significant (3.5 vs. 3.3 log copies/mL, p = 0.36). A trend
for a significantly higher mean viral load was identified between those that were ELISA-
negative (4.0 log copies/mL) and positive (3.4 log copies/mL, p = 0.05). The mean duration
of nasopharyngeal SARS-CoV-2 RNA persistence among first-reported adult cases with no
detectable antibody response was very similar to that obtained for all cases, either using
LFA (53 days, range 26–83 days) or ELISA (56 days, range 31–71 days).

Nasopharyngeal SARS-CoV-2 RNA was detected in 84 (11.9%) child contacts, but
almost all of those found positive (99.9%) were paucisymptomatic or asymptomatic, except
for one girl who was hospitalized due to multi-systemic Kawasaki-like inflammatory
syndrome. Mean nasopharyngeal viral load was 3.3 log copies/mL (SD, 0.9). Among the
84 children with detectable nasopharyngeal SARS-CoV-2 RNA, 40 (47.6%) were identified
as negative by LFA. LFA-positive children had considerably higher viral density in their
nasopharynx than those that were LFA-negative (3.6 vs. 2.9 log copies/mL, p = 0.001).

3.4. Nasopharyngeal Detection of Other Respiratory Viruses in Participants

A valid result of the multiplex RT-PCR performed for the screening of 16 respiratory
viruses was obtained in 403 first-reported adult cases and 707 children. Respiratory viruses
other than SARS-CoV-2 were identified in 20 (5.0%) adults and 157 (22.2%) children. RV/EV
was most frequently detected among adults (n = 18, 90.0%) and was commonly found in
co-infection with SARS-CoV-2 (n = 15, 83.3%). RV/EV also predominated in children (n =
120, 76.4%), but co-infection with SARS-CoV-2 (n = 26, 21.7%) was less frequent (Figure 1).
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Figure 1. Distribution of other respiratory viruses: (a) in first-reported adult cases; (b) in children. Abbreviations: SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR, reverse-transcriptase polymerase chain reaction; RV/EV,
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3.5. Persistent Nasopharyngeal SARS-CoV-2 RNA Detection in First-Reported Adult Cases and
Associated Factors

A markedly higher proportion of SARS-CoV-2 RNA presence in the nasopharynx
was observed in health workers when compared to other professionals (39.3 vs. 24.8%, p
= 0.004) but mean viral density was identical in the two groups (3.4 log copies/mL, p =
0.75). We identified a trend for statistical significance in the rate of nasopharyngeal viral
persistence in women compared with men (37.4 vs. 28.0%, p = 0.05) even though mean
viral load was similar in females (3.4 log copies/mL) and males (3.3 log copies/mL, p =
0.70). Prolonged SARS-CoV-2 detection was more frequent in adult cases that had not been
hospitalized in the previous COVID-19 episode than in those that had received hospital
care (36.5 vs. 25.8%, p = 0.06). However, mean SARS-CoV-2 RNA load was the same among
former outpatients and inpatients (3.4 log10 copies/mL, p = 0.84). Minor differences in
the proportions of nasopharyngeal viral persistence were found according to the time lag
elapsed between initial and follow up RT-PCR tests: 8/29 (27.6%) among parents re-tested
within 18–30 days, 87/253 (34.4%) in those re-tested within 31–60 days and 42/122 (34.4%)
in those re-tested after 60 days (p = 0.76) (Figure 2).

Comparable rates of nasopharyngeal SARS-CoV-2 RNA persistence were observed
according to results of LFA: 64/180 (35.6%) in LFA-positive adults and 73/224 (32.6%)
in those that were negative (p = 0.53). Additionally, adults with available ELISA results
showed similar viral persistence rates regardless of positive (80/214, 37.4%) or negative
(10/36, 27.8%) results by that test (p = 0.27). There was a significant association between the
persistent detection of SARS-CoV-2 RNA in the nasopharynx of first-reported adult cases
and the detection of RV/EV: 15 (83.3%) out of 18 individuals with RV/EV infection showed
prolonged SARS-CoV-2 RNA detection in comparison with 122 (31.7%) out of 385 without
RV/EV infection (p < 0.001). Nonetheless, mean SARS-CoV-2 viral load was similar in
co-infected adults (3.7 log copies/mL) and in those not co-infected (3.4 log copies/mL, p =
0.22). In multivariate regression, co-infection with RV/EV (adjusted odds ratio (aOR) 9.31,
95% CI 2.57–33.80) and being a health worker (aOR 1.75, 95% CI 1.04–2.94) were found to
be independent risk factors related with SARS-CoV-2 RNA persistence (Table 2).
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Figure 2. SARS-CoV-2 RT-PCR and antibody positivity rates according to time elapsed since first
positive SARS-CoV-2 RT-PCR result in first-reported adult cases. Abbreviations: SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; RT-PCR, reverse-transcriptase polymerase chain reaction;
LFA, immunochromatographic lateral flow assay; ELISA, enzyme-linked immunosorbent assay.

Table 2. Factors associated with persistent nasopharyngeal SARS-CoV-2 RNA detection in first-reported adult cases.

Variable
Group 1 a,b Group2 a,b Univariate Analysis Multivariate Analysis

SARS-CoV-2
Positive c (%)

SARS-CoV-2
Positive c (%) OR (95% CI) p-Value aOR (95% CI) p-Value

Age, 15–40 vs. >40 years 65/188 (34.6) 72/216 (33.3) 0.95 (0.63–1.43) 0.79
Sex, female vs. male 95/254 (37.4) 42/150 (28.0) 1.54 (0.99–2.38) 0.05 1,44 (0.87–2.39) 0.16

Profession, health worker vs. others 88/224 (39.3) 36/145 (24.8) 1.96 (1.23–3.11) 0.004 1.75 (1.04–2.94) 0.04
Obesity, yes vs. no 18/50 (36.0) 118/351 (33.6) 1.11 (0.60–2.06) 0.74

Hypertension, yes vs. no 10/27 (37.0) 117/352 (33.2) 1.18 (0.52–2.66) 0.69
COVID-19 severity, hospital care vs.

outpatient care 24/93 (25.8) 113/311 (36.3) 0.61 (0.36–1.02) 0.06 0.97 (0.53–1.79) 0.93

Rhinovirus/enterovirus infection, yes vs.
no 15/18 (83.3) 122/385 (31.7) 10.78

(3.06–37.93) <0.001 9.31
(2.57–33.80) 0.001

Antibody detection by LFA, yes vs. no 64/180 (35.6) 73/224 (32.6) 1.14 (0.75–1.73) 0.53
Antibody detection by ELISA, yes vs. no 80/214 (37.4) 10/36 (27.8) 1.55 (0.71–3.39) 0.27

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; OR, odds ratio; aOR, adjusted odds ratio; CI, confidence
interval; COVID-19, coronavirus disease 2019; LFA, immunochromatographic lateral flow assay; ELISA, enzyme-linked immunosorbent
assay. a Group 1 refers to the variable group mentioned in the first place (i.e., health worker) and Group 2 refers to the variable group
mentioned in the second place (i.e., other professions). b ≥10 events of interest per variable. c Positive by the follow-up SARS-CoV-2
RT-PCR test (indicator of virus persistence).

3.6. Nasopharyngeal SARS-CoV-2 RNA Detection in Children According to Virus Persistence in
Adults and Other Factors

A significantly higher RT-PCR positivity rate was observed among children living
with a first-reported adult case who had persistent SARS-CoV-2 infection (48/234, 20.5%)
than in those whose parent did not show virus persistence (36/474, 7.6%, p = 0.001). There
were also remarkable differences in the virus detection rate between children positive by
LFA (44/122, 36.1%) compared with those that were LFA-negative (40/586, 6.8%, p < 0.001).
Specifically, the proportion of children positive by SARS-CoV-2 RT-PCR who co-habited
with adults showing prolonged virus RNA detection and no detectable antibody response
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by LFA (24/128, 18.8%) was substantially higher than that of RT-PCR-positive children
whose parents did not show persistent virus RNA detection (9/255, 3.5%, p = 0.001).

The mean nasopharyngeal viral load in adults persistently positive by SARS-CoV-2
RT-PCR and with no antibody response by LFA displayed no significant influence on the
presence or absence of SARS-CoV-2 RNA in children (3.7 vs. 3.5 log copies/mL, p = 0.43).
On the other hand, mean nasopharyngeal SARS-CoV-2 RNA load in children co-infected by
RV/EV was significantly higher than in those not co-infected (3.8 vs. 3.0 log copies/mL, p <
0.001). However, SARS-CoV-2 detection among children was not related with the presence
or absence of RV/EV infection in adults (20.6 vs. 11.5%, p = 0.11). A multivariate regression
model revealed that SARS-CoV-2 antibody detection by LFA (aOR 7.20, 95% CI 4.27–12.15),
persistent nasopharyngeal viral RNA presence in first-reported adult cases (aOR 2.08, 95%
CI 1.24–3.51) and RV/EV infection in children (aOR 2.04, 95% CI 1.13–3.68) were correlated
with SARS-CoV-2 RNA detection in children (Table 3).

Table 3. Factors associated with persistent nasopharyngeal SARS-CoV-2 RNA detection in first-reported adult cases.

Variable
Group 1 a,b Group2 a,b Univariate Analysis Multivariate Analysis

SARS-CoV-2
Positive c (%)

SARS-CoV-2
Positive c (%) OR (95% CI) p-Value aOR (95% CI) p-Value

Age, 5–14 vs. 0–4 years 46/364 (12.6) 38/344 (11.1) 1.08 (0.86–1.36) 0.51
Sex, female vs. male 35/329 (10.6) 49/379 (12.9) 0.80 (0.50–1.27) 0.35

Delivery type, C-section vs. vaginal 23/207 (11.1) 60/488 (12.3) 0.89 (0.54–1.49) 0.66
Feeding type, breastfeeding vs.

formula 68/594 (11.5) 15/99 (15.2) 0.72 (0.40–1.33) 0.29

Vaccination according to schedule,
yes vs. no 83/689 (12.1) 0/7 (0.0) 1.00 0.33

Recent respiratory infection c,
yes vs. no 31/254 (12.2) 53/452 (11.7) 1.05 (0.65–1.68) 0.85

Kindergarten/school attendance
before lockdown, yes vs. no 20/196 (10.2) 63/507 (12.4) 0.80 (0.47–1.36) 0.41

Public transport use to go to school
before lockdown, yes vs. no 18/97 (18.6) 65/598 (10.9) 1.87 (1.05–3.31) 0.03 1.25 (0.64–2.43) 0.51

Persistent SARS-CoV-2 infection in
adult, yes vs. no 48/228 (21.1) 37/480 (7.7) 3.14 (1.97–5.00) <0.001 2.08 (1.24–3.51) 0.006

Rhinovirus/enterovirus infection in
child, yes vs. no 26/120 (21.7) 56/581 (9.6) 2.65 (1.60–4.43) <0.001 2.04 (1.13–3.68) 0.018

Rhinovirus/enterovirus infection in
adult, yes vs. no 7/34 (20.6) 77/670 (11.5) 2.00 (0.84–4.74) 0.12

Antibody detection by LFA, yes vs. no 44/122 (36.1) 40/586 (6.8) 7.70
(4.72–12.56) <0.001 7.20

(4.27–12.15) <0.001

Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; OR, odds ratio; aOR, adjusted odds ratio; CI, confidence
interval; LFA, immunochromatographic lateral flow assay. a Group 1 refers to the variable group mentioned in the first place (i.e., health
worker) and Group 2 refers to the variable group mentioned in the second place (i.e., other professions). b ≥10 events of interest per
variable. c Since January 2020.

4. Discussion

The main findings of this study were the frequent and long persistence of SARS-
CoV-2 RNA in the nasopharynx of first-reported adult cases recovering or recovered from
COVID-19 and the correlation of virus persistence in adults with RV/EV co-infection and
SARS-CoV-2 RNA detection in their household child contacts. Our results showed that
nasopharyngeal SARS-CoV-2 RNA can remain detectable in the post-acute infection phase
for an extended period of time, even in the absence of antibody response assessed either by
LFA or ELISA. The observed duration of SARS-CoV-2 persistence in adults’ nasopharynx
was far longer than the previously described period of up to 37 days [17]. The proportion
of adults with active infection, as measured by a negative ELISA result, was within the
rates of SARS-CoV-2 RNA positivity ranging from 6.4 to 21.4% that were observed in
patients who were convalescent or had recovered from COVID-19, either during their stay
at hospital [18] or once discharged home [19]. Our hypothesis is that the lack of results
reporting prolonged nasopharyngeal SARS-CoV-2 RNA detection similar to ours may be
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partly attributable to the difficulty of conducting post-infection observations on COVID-19
patients discharged home or managed as outpatients for long periods of time.

The nasopharyngeal SARS-CoV-2 RNA load of first-reported adult cases was relatively
low, probably due to their post-acute infection status, and we did not find substantial
differences in viral load between adults co-habiting with infected children or with children
free from infection, probably due to the post-acute infection status of cases. Diverse studies
have not been able to recover viable SARS-CoV-2 from convalescent patients persistently
positive by RT-PCR beyond the second week after symptom onset [20,21]. Low viral
loads measured in respiratory samples of COVID-19 acute patients have also been shown
to have reduced infectivity in vitro [22–24]. Based on the remarkable rate of positive
children living with a parent showing SARS-CoV-2 RNA persistence, we speculate that
virus transmission occurred in a noticeable number of households as a consequence of
prolonged exposure of contacts to infected cases in enclosed settings such as households
rather than being enhanced by cases with high viral load. Interestingly, the mean size of
households enrolled in the study apparently enabled the maintenance of social distancing
between cases and contacts, which highlights the importance of reinforcing awareness of
adherence to preventive measures in quarantined households, including mask wearing,
frequent hand washing and adequate indoor air ventilation practices.

RV/EV appeared as important viral species co-detected in the nasopharynx of both
adults and children positive for SARS-CoV-2 by RT-PCR. The role of RV in SARS-CoV-2
acquisition and transmission is open to debate. Since RV has been described to have a faster
growth rate than SARS-CoV-2, it has been suggested that RV may mitigate SARS-CoV-2
infection initiated some time before or suppress it if co-infection occurs simultaneously [13].
In this regard, the subsequent acquisition of a respiratory pathogen by patients already
infected by SARS-CoV-2 has been reported to be a frequent sequential pattern of co-
infection [15]. Angiotensin-converting enzyme 2 (ACE2) may play a crucial factor in the
interaction between SARS-CoV-2 and RV. ACE2 has recently been acknowledged to be
crucial for the replication of SARS-CoV-2 [25]. In addition, the upregulation of ACE2 in
response to RV serotype A16, responsible for the majority of RV infections in children and
young adults, was recently demonstrated in an ex vivo experimental study using epithelial
cells from children [26]. Other experimental studies of the original SARS coronavirus in
mice have postulated that the upregulation of ACE2 expression in response to RV infection
could facilitate SARS-CoV-2 acquisition and transmission, as well as modulate disease
severity [27,28]. The frequent SARS-CoV-2 and RV/EV co-detection in the nasopharynx
of first-reported adults and the common presence of SARS-CoV-2 in child contacts might
be indicative of the potential mechanism of RV infection for increased ACE2 expression
facilitating SARS-CoV-2 acquisition by adults and transmission to their child contacts.

The principal strength of this study was the use of a large sample size of family
households and the conduct of the study under strict quarantine conditions, which made
it possible to rule out any biases produced by social interactions of family members
outside of the home. The findings reported are subject to some limitations. First, given
the cross-sectional nature of our study, we were unable to evaluate both the direction of
transmission between first-reported adult cases and children and the timing of SARS-CoV-2
and RV/EV infection in adults and children. Although the mean time lag between adults’
first and second positive RT-PCR tests was 52 days (an interval far longer than the mean
incubation time of about 4–6 days reported for SARS-CoV-2 infection [29]), the possibility
that a number of child contacts could have become infected even before their parent,
remaining asymptomatic until being tested, cannot be completely discarded. Secondly, we
cannot extrapolate results to quarantined households exhibiting demographic or occupancy
patterns different from those reported in this study. Thirdly, the multiplex RT-PCR test used
for the detection of 16 respiratory viruses did not make any distinction between genetically
similar RV and EV.



Viruses 2021, 13, 1598 10 of 12

5. Conclusions

Prolonged nasopharyngeal SARS-CoV-2 RNA persistence beyond the acute infection
phase was frequent among adults self-confined at home during the first epidemic wave,
was associated with RV/EV co-infection and could enhance intra-household infection
transmission.

Author Contributions: Conceptualization, P.B., C.L. and C.M.-A.; methodology, P.B., C.L. and C.M.-
A.; software, P.B. and D.C.; validation, C.L. and C.M.-A.; formal analysis, P.B.; investigation, P.B.,
I.J., Q.B., D.H., M.F.d.S., S.A., A.R., V.F., B.B., R.V., J.H., I.B., C.L. and C.M.-A.; resources, J.C., Q.B.
and C.M.-A.; data curation, P.B. and D.C.; writing—original draft preparation, P.B. and C.M.-A.;
writing—review and editing, P.B., I.J., Q.B., D.H., M.F.d.S., S.A., A.R., V.F., B.B., J.C., R.V., D.C., J.H.,
I.B., J.J.G.-G., C.L. and C.M.-A.; visualization, P.B.; supervision, C.M.-A.; project administration,
C.M.-A.; funding acquisition, I.J. and J.J.G.-G. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by the Kids Corona Project, Hospital Sant Joan de Déu, Barcelona,
which received donations from Stavros Niarchos Foundation and Banco de Santander. ISGlobal
receives support from the Spanish Ministry of Science and Innovation through the “Centro de
Excelencia Severo Ochoa 2019–2023” Program (CEX2018-000806-S), and support from the Generalitat
de Catalunya through the CERCA Program. CISM is supported by the Government of Mozambique
and the Spanish Agency for International Development (AECID).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
Hospital Sant Joan de Déu.

Informed Consent Statement: Informed consent was obtained from all parents involved in the study,
who also gave consent for their children.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author. The data are not publicly available due to the confidentiality of
participants’ information.

Acknowledgments: We are indebted to the “Biobanc de l’Hospital Infantil Sant Joan de Déu per a la
Investigació” integrated in the Spanish Biobank Network of ISCIII and “Kids Corona Study Group”
(Cristina Adroher, Laia Alsina, Ainhoa Andueza, Sara Arias, Nuria Balanza, Elisenda Bonet-Carne,
Marta Cubells, Claudia Fortuny, Aleix Garcia-Miguel, Eduard Gratacos, Maria Hernandez, Monica
Morales, Felipe Pérez-Soler, María Ríos, Pere Millat, Gemma Pons, Francesc Torrents, Iris Uribesalgo
and Anna Valls) of Hospital Sant Joan de Déu.

Conflicts of Interest: The funding sources had no role in the writing of the manuscript or in the
decision to submit for publication. C.M.-A. reports grants to her organization from BioMèrieux,
Roche Diagnostics, Qiagen, BioFire Diagnostics, Alere and Genomica, outside the submitted work,
and personal fees from BioMèrieux, Roche Diagnostics and Qiagen for presentations in satellite
symposia outside of the submitted work. P.B. reports personal fees from Roche Diagnostics for a
presentation in a satellite symposium outside the submitted work. The rest of the authors declare no
conflicts of interest.

Appendix A

A detailed description of SARS-CoV-2 RNA extraction and amplification procedures
is contained in Appendix A.

Nasopharyngeal swabs were introduced into micronic tubes with 750 µL of Zymo
DNA/RNA Shield Lysis Buffer™ (Zymo Research, Freiburg, Germany). Each tube was
labeled with 2D barcode stickers (Brady Printer i7100) for sample identification. Tubes were
transported to the Molecular Microbiology Laboratory of the study site and disinfected
on arrival by cleaning the outside with Ethanol 70%. Each sample was aliquoted into 2
sub-samples: one was processed for multiple respiratory virus detection and another was
transferred to the laboratory of Centro de Regulación Genómica (Barcelona, Spain) for
SARS-CoV-2 RT-PCR testing. Sample surplus was stored at −80 ◦C in the study setting’s
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bio bank, which is accredited as a facility integrated into the Spanish National Registry of
Biobanks for Biomedical Research, until use for further studies.

SARS-CoV-2 RNA was extracted using the Quick-DNA/RNA Viral Mag Bead kit
(Zymo Research) which was fully automated on a Tecan Dream Prep NAP Workstation
(Tecan Trading AG, Switzerland). The robot used 360 µL of sample in DNA/RNA Shield
buffer and automated all the subsequent steps of magnetic bead sample purification until
the elution step, which was performed in 70 µL of RNase-free water. SARS-CoV-2 RT-PCR
assays were performed according to CDC-006-00019 CDC/DDID/NCIRD/ Division of
Viral Diseases protocol released on 3/30/2020 and available at https://www.fda.gov/
media/134922/download, which included the CDC-approved primers and probes for
SARS-CoV-2 N1 and N2 genes, as well as RNaseP human gene as internal control. Primers
and probes were purchased from IDT integrated technologies (qPCR probes - 2019-nCoV
CDC EUA Kit). Five microliters of extracted RNA were mixed with 15 µL of RT-PCR
master mix (Luna Universal Probe One-Step RT-qPCR Kit; New England Biolabs; E3006).
RT-PCR assays were performed in an Applied Biosystems 7900HT robot with 384 well
block equipment. Reverse transcription was carried out for 10 min at 55 ◦C followed by 45
cycles of quantitative PCR with 95 ◦C denaturation for 3 s and 30 s annealing/elongation
at 64 ◦C. Output results were transferred to a Laboratory Information Management System
that recorded sample barcode information and cycle threshold (Ct) values for N1, N2, and
RNAse P. A microbiologist had remote access to the amplification curves so as to analyze
and interpret them prior to delivering diagnostic results.

Calibration curves were performed by using ten-fold serial dilutions of reference
viral RNA (from 500,000 copies to 1.2 copies/mL per well). Equal volumes of standard
and samples were used for RT-PCR amplification of N1 gene and N2 genes. In a base-10
semi-logarithmic graph, two curve graphs were generated by plotting the CT values of N1
or N2 genes on the y-axis and the log of the input amounts on the x-axis. The slope of these
standard curves was −3.1 for N1 and −3.2 for N2 and the correlation coefficient was 0.996
in both. Viral load in copies/mL per sample were calculated considering sample and RNA
extract elution volumes. N1 gene was regarded as the main gene for viral load calculation
except for samples in which only N2 gene was detected.
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