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This study reports longitudinal viral RNA loads from the naso-
pharynx/throat in patients with mild and severe/critical corona-
virus disease 2019 (COVID-19). We also investigated whether 
the duration of symptoms correlated with the duration of viral 
RNA shedding. A total of 56 patients were included. The highest 
viral loads occurred early after onset of symptoms. Neither the 
viral RNA loads in the upper respiratory tract nor the time to 
viral RNA clearance differed between patients with mild or se-
vere/critical disease. There was a moderate correlation between 
number of days with symptoms and number of days with viral 
RNA shedding in patients with mild COVID-19.
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Coronavirus disease 2019 (COVID-19) is an acute respiratory 
tract infection caused by a novel coronavirus, severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). Similar to 
influenza, the nasopharyngeal viral load of SARS-CoV-2 is 
highest at the time of presentation [1]. A previous study found 
that patients with severe COVID-19 have higher viral loads and 
shed viral RNA longer from the throat and nasopharynx than 
those with mild disease [2], and the authors suggested that na-
sopharyngeal levels of SARS-CoV-2 RNA might be used to as-
sess disease severity and prognosis. We here report longitudinal 

viral loads in upper respiratory specimens from patients with 
mild COVID-19 and patients with severe/critical COVID-19. 
In addition, we have investigated whether the duration of symp-
toms correlates with the duration of viral RNA shedding in pa-
tients with mild COVID-19.

MATERIALS AND METHODS

Participants were recruited from the Department of Infectious 
Diseases, Sahlgrenska University Hospital, Gothenburg, 
Sweden, between 25 February and 23 April 2020. Severe/critical 
patients were defined as those requiring invasive mechanical 
ventilation or high-flow nasal oxygen and mild as those not re-
quiring supplementary oxygen or hospitalization. The diagnosis 
of COVID-19 was made by real-time polymerase chain reaction 
(PCR) at the Department of Clinical Microbiology, Sahlgrenska 
University Hospital, Gothenburg, Sweden. Viral load, expressed 
as log10 of viral RNA per swab, was calculated as (47 – observed 
cycle threshold value) / 3.4. This formula applies the average 
of the parameters (slope and constant) that we observe when 
we quantify viruses in serum using quantitative PCR with se-
rial dilution of quantification standards (plasmid carrying 
target sequence) and presumes a 10-µL sample volume in the 
reaction and a 97% efficiency in the PCR. We collected serial 
upper respiratory tract samples (1 nasopharyngeal swab and 1 
throat swab put in a single collection tube with 1 mL of trans-
port medium) for real-time PCR of SARS-CoV-2 RNA for all 
patients. Nucleic acids were extracted from 200 µL of sample in 
a Magnapure instrument (Roche Molecular, Branchburg, New 
Jersey), and 10 µL of the purified sample was used for 1-step 
reverse-transcription PCR in a QuantStudio 6 real-time PCR in-
strument. After 30 minutes of reverse transcription at 46°C, 45 
cycles of amplification with 58°C annealing temperature were 
performed, using RdRP_F, GTCATGTGTGGCGGTTCACT 
and RdRP_R, CAACACTATTAGCATAAGCAGTTGT as pri-
mers, and RdRP_P, CAGGTGGAACCTCATCAGGAGATGC 
as fluorescent hydrolysis probe.

The date of disease onset was defined as the day when the 
first symptoms of COVID-19 were observed. For individuals 
with mild COVID-19, we also longitudinally recorded clin-
ical symptoms (cough, fever >37.5°C, sore throat, rhinitis, and 
muscle pain). Patients with severe/critical COVID-19 were not 
included in this part as it was not possible to determine the du-
ration of symptoms for those in this group who were sedated 
and in need of mechanical ventilation.

The study protocol was approved by the Swedish Ethical 
Review Authority (Dnr: 2020-01771) and patients were in-
cluded after informed consent.
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RESULTS

A total of 56 adult participants were included in the study. 
Of those with mild disease, 24 of 39 were female (median 
age, 43 years [range, 19–71 years]). Among patients with se-
vere/critical COVID-19, 16 of 17 were male (median age, 
52  years [range, 46–81  years]). Three of the patients with 
severe/critical COVID-19 died during the study period, on 
days 21, 26, and 31 after onset of symptoms. A total of 328 
(mean, 5.9 [range, 2–12]) nasopharyngeal and throat swabs 
were collected.

The highest viral loads were observed early after onset of 
symptoms in both groups of participants (Figure 1A and 1B). 
At 7 days, mean viral load among virus-positive patients was 5.8 
log10 copies/swab for those with mild disease (n = 37) and 5.5 
log10 copies/swab for those with severe/critical disease (n = 12) 
(P = .53). At 14 days, mean viral load was 4.4 log10 copies/swab 
for those with mild disease (n = 38) and 4.2 log10 copies/swab 
for those with severe/critical disease (n = 14) (P = .56). Linear 
interpolation was used when samples were not taken on exactly 
days 7 and 14, using the values measured on the closest days just 
before and after, to estimate the values on days 7 and 14.

Neither the viral loads in nasopharynx and throat nor the 
time to viral RNA clearance differed between patients with mild 
or severe/critical disease (Figure 1A and 1B). The median dura-
tion of viral RNA shedding was 24.0 days in patients with mild 
disease and 22.5  days in patients with severe/critical disease 
(Figure 1C).

We recorded clinical symptoms for 34 of the 39 participants 
with mild disease. Follow-up was done by regular phone calls. 
The most common presenting symptom was cough and fever, 
both occurring in 27 of 34 participants (79%), followed by 
muscle pain in 22 (65%), rhinitis in 20 (59%), and sore throat 
in 16 (47%). There was a moderate correlation between number 
of days with symptoms and number of days with viral RNA 
shedding (Pearson r = 0.34; P =  .05) (Supplementary Figure). 
Most participants (26/34) continued to be positive for SARS-
CoV-2 RNA in the upper respiratory tract after the resolution 

of symptoms; 20 (59%) were PCR positive for >2  days after 
symptoms had resolved, 12 (35%) for >7  days, and 10 (29%) 
for >14 days.

DISCUSSION

We found that the SARS-CoV-2 viral RNA loads from naso-
pharynx and throat were as high among individuals with mild 
disease as those with severe/critical disease and that there were 
no significant differences between the 2 groups with regard to 
duration of viral RNA shedding from the upper respiratory 
tract. These findings are both in agreement and disagreement 
with previous studies.

Similar to our results, previous studies, most of them small, 
have reported that the viral loads in the upper respiratory tract 
peak at the time of, or early after, onset of symptoms [1–6]. 
High initial viral loads in the upper respiratory tract indicate a 
high degree of viral RNA shedding and thereby a potential for 
high risk of transmission during the early stages of the disease. 
This pattern of viral RNA shedding is similar to influenza, but 
different from the Middle East respiratory syndrome and se-
vere acute respiratory syndrome coronavirus infections, where 
the peak viral load usually occurs between days 7 and 10 after 
onset of symptoms [7, 8]. In addition, individuals with COVID-
19 have been shown to shed SARS-CoV-2 viral RNA a few days 
prior to occurrence of symptoms [9].

There are several reports [2, 10–12] where patients with 
severe to critical COVID-19 have been demonstrated to have 
higher, in some studies much higher, viral RNA loads in the 
upper or lower respiratory tract compared to patients with 
mild to moderate COVID-19. In 1 of these studies, patients 
with a higher baseline viral load (at admission to hospital) 
were more likely to develop severe disease [11]. Based on 
this, it has been suggested that higher viral loads could be 
associated with worse clinical outcome and that the respi-
ratory tract levels of SARS-CoV-2 RNA might be useful for 
estimating disease severity and prognosis. The results from 
our study and 2 other smaller studies [3, 7] differ from this. 
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Figure 1. Viral load in nasopharyngeal and throat swabs in patients with coronavirus disease 2019 (COVID-19). Longitudinal viral loads for 39 patients with mild disease 
(A) and 17 with severe/critical disease (B). Dotted lines mark the detection limit of the polymerase chain reaction assay. C, Kaplan–Meier curve indicates time to viral RNA 
clearance for those with mild and severe/critical COVID-19.
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We did not find any correlation between disease severity and 
viral RNA load; SARS-CoV-2 viral RNA loads from naso-
pharynx and throat in patients with mild COVID-19 were 
as high as in those with severe/critical disease. Our findings 
do not therefore support using levels of SARS-CoV-2 RNA 
as a prognostic marker. There are several possible explan-
ations for the conflicting results. One is that the definitions 
of disease severity for participants with mild as well as se-
vere/critical disease are not the same in all studies. There 
are also some differences in the study populations regarding 
age, sex, and/or comorbidities and the sampled material (na-
sopharynx, throat, sputum, or saliva). In 1 study it was not 
possible to determine how long after disease onset the sam-
ples were taken, since only information about number of 
days from hospital admission to sampling was provided [10]. 
Finally, various interventions such as antiviral drugs and cor-
ticosteroids were used in some studies, which could possibly 
have had an impact on SARS-CoV-2 viral RNA levels and du-
ration of viral RNA shedding [10, 12]. It should be noted that 
samples from the lower respiratory airways, such as tracheal 
aspirate samples or sputum, were not analyzed in our study. 
SARS-CoV-2 RNA levels might be higher in the lower than 
the upper airways, especially later in the course of infection 
[1, 5, 13].

In this longitudinal study, approximately half of the patients 
were PCR positive for SARS-CoV-2 for >20 days after onset of 
symptoms and there was no significant difference in time of 
viral RNA clearance between those with mild and severe/crit-
ical COVID-19, which is in contrast with other studies where 
patients with severe COVID-19 took longer to clear the virus 
from the upper respiratory tract than those with mild disease 
[2, 14].

There was a moderate correlation between number of days 
with symptoms and number of days with positive PCR for 
SARS-CoV-2 in the nasopharynx and throat. About one-third 
of the participants continued to test positive for SARS-CoV-2 
RNA after >14 days of resolution of symptoms. The presence of 
viral RNA does not always, however, correlate with viability and 
transmissibility of virus. Live virus has been demonstrated to 
be easier to isolate from sputum during the first week of symp-
toms as compared to later on despite continuous high viral 
loads; after 8 days of symptoms, virus could not be isolated from 
any samples in 1 study [13]. In addition, the transmissibility of 
SARS-CoV-2 seems to be higher when exposure occurs within 
the first 5 days of onset of symptoms in the index case, com-
pared to those exposed later [15].

To conclude, in this study we found that the viral load in the 
upper respiratory tract did not differ between individuals with 
mild or severe/critical COVID-19, and neither did the duration 
of viral RNA shedding. Our findings therefore do not support 
using levels of SARS-CoV-2 RNA as a prognostic marker.

Supplementary Data

Supplementary materials are available at The Journal of 
Infectious Diseases online. Consisting of data provided by 
the authors to benefit the reader, the posted materials are 
not copyedited and are the sole responsibility of the au-
thors, so questions or comments should be addressed to the 
corresponding author.
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