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A B S T R A C T

Objectives: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has heavily
impacted Italy. The government's restriction measures have attenuated the burden on hospitals. The
association of high viral replication with disease severity suggests the potential for lower viral load in
milder clinical presentations.
Methods: The reverse-transcription-polymerase-chain-reaction (RT-PCR) profile of 944 consecutive, non-
replicate, positive retropharyngeal swabs was collected from 3 March to 8 June 2020 to investigate the
temporal profile of SARS-CoV-2 viral load in the region of Capitanata, Apulia. Cycle threshold (Ct) values
of 3 targets (N [nucleocapsid protein], E [envelope protein] and RdRP [RNA-dependent RNA-polymerase])
were analysed.
Results: The median Ct values of the 3 targets increased considerably over the study period, showing a
progressive and constant weekly change. The negative detection rate of E and RdRP increased over time.
These data suggest that SARS-CoV-2 viral load progressively decreased along the outbreak course. During
the first epidemic peak (March and April) the viral load among patients >80-years was significantly
higher than for younger subjects. However, in May this age-dependent difference disappeared,
underlying viral load reduction in the elderly.
Conclusions: An attenuation of viral transmission or pathogenicity during the epidemic course is
suggested, likely due to restriction measures, although viral factors might also be considered.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

From early 2020 a new Coronavirus disease named COVID-19
has spread worldwide with Italy being one of the most affected
countries, albeit with substantial regional differences (IstitutoSu-
periorediSanità; WHO). In the Apulia region (southern Italy)
approximately 7900 cases of COVID-19 infection have been
reported so far, with a peak at the end of April and a substantial
decrease from May-June. The rate of hospitalization and number of
severe cases also fell during this time (IstitutoSuperiorediSanità).
The Italian Government's restriction measures have contributed to
pandemic control (Prem et al., 2020). Social distancing, use of

personal protective equipment (PPE) and active territorial
surveillance may all have reduced SARS-CoV-2 transmission (Chan
et al., 2020; Prather et al., 2020; Prem et al., 2020). However, viral
factors, host-virus interaction, and the summer season are also
potential contributing factors in the pandemic slowdown. It should
also be considered that changes to diagnostic strategies occurred in
the later phases of the pandemic in Italy.

Some studies have correlated viral load with disease severity,
analysing different biological specimens (Huang et al., 2020; Shi
et al., 2020; To et al., 2020; Yu et al., 2020; Zheng et al., 2020). An
age-dependent effect on clinical outcome has been described, with
elderly people usually having higher viral loads and worse
prognosis (Davies et al., 2020; Liu et al., 2020a,b; Rockx et al.,
2020; Shim et al., 2020). A trend of decreasing SARS-CoV-2 viral
load in nasopharyngeal samples has been reported in a small study* Corresponding author at: C.U.R.E. (University Center for Liver Disease Research
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In Italy, COVID-19 incidence and excess mortality data follow a
lear north-south gradient, with southern regions being less
ffected (Michelozzi et al., 2020).
In this study, we collected the reverse transcription-polymerase

hain reaction (RT-PCR) data of the first nasopharyngeal swab of all
44 patients consecutively diagnosed from 3 March to 8 June 2020
n the region of Capitanata, in Apulia, southern Italy. To investigate
he viral load pattern in the general population between the
ifferent epidemic phases, the cycle threshold (Ct) values of RT-
CR targets were used as a surrogate for absolute viral load.

ethods

From 3 March to 8 June 2020, 944 subjects had SARS-CoV-2
ositive tests at the hospital “Riuniti di Foggia”. The patients came
rom the region of Capitanata, an area with approximately 600 000
nhabitants located in North Apulia. Replicate samples from the
ame patients were excluded since for this study only the
iagnostic swab was needed.
COVID-19 testing was by RT-PCR analysis of a nasopharyngeal

wab, which was performed by acceding into the nasopharynx
rom both nostrils with the same swab. The nasopharyngeal
amples were collected in tubes with a standard viral transport
edium accordingly to WHO guidelines (Organization, 2020).
iral RNA was extracted within 2 hours of sample collection using
he STARMag 96�4 Universal Cartridge kit with the Microlab
IMBUS IVD instrument according to the manufacturer's instruc-
ions (Seegene Inc. Seoul, Korea). Amplification and detection of
arget genes N (nucleocapsid protein), E (envelope protein) and
dRP (RNA-dependent RNA-polymerase) was performed using the
ommercially available kit AllplexTM 2019-nCoV Assay (Seegene
nc. Seoul, Korea) with the CFX96TM instrument (Bio-Rad,
ercules, CA). The assay negative control consisted of RNase-free
ater added to the master mix before PCR. The assay positive
ontrol was constructed using plasmids encoding AllplexTM 2019-
CoV Assay target sequences and was included in each test run.
he AllplexTM 2019-nCoV Assay included a full process Internal
ontrol composed of the MS2 phage genome. The test is available
s a CE-IVD test for countries accepting the CE-mark. A positive test
or SARS-CoV-2 infection was defined as the detection of at least 1
ene target.
Interpretation of results and calculation of Ct values for each

arget was performed with the Seegene Viewer software (V 3.20).
he cut-off Ct values were fixed at 40 for all targets.
The Ct values of each gene target at the time of diagnosis were

ollected and differences were analysed between time- and age-
tratified cohorts. Ct values are used as viral load surrogate
arkers, Ct value and viral load are inversely correlated as the

ower the viral RNA the higher the number of cycles needed for
mplification.
Statistical analysis and graphs were elaborated with GraphPad

. Differences between 2 groups of interest were analysed with the
ann-Whitney U test, while the Kruskal-Wallis test followed by
ost-hoc analysis (Dunn's test) for multiple comparisons was
erformed to analyse differences between 3 or more groups.
tatistical significance was determined where P < 0.05. Ct values
or new weekly infections and for different age categories were
hown as the median figure with interquartile range (IQR).

esults

21.7 (25th percentile 3.2; 75th percentile 27.0), while patients
diagnosed in the 1st week of June presented a median Ct of 37.2
(25th percentile 33.2; 75th percentile 38.5) (Figure 1).

The increase in median ‘N’ Ct was constant and progressive
(Figure 1). The ‘E’ and ‘RdRP’ gene expression also showed an
increase in median Ct value, rising, respectively, from 23.5 (25th
percentile 18.5; 75th percentile 26.8) in the 1st week of March to
28.6 (25th percentile 25.7; 75th percentile 32.3) in the 1st week of
June, and from 25.5 (25th percentile 19.7; 75th percentile 30.3) to
35.3 (25th percentile 31.9; 75th percentile 37.6) (Figure 2A and B).
These data indicated a constant decrease of the nasopharyngeal
RNA amount of SARS-CoV-2 over time. This trend was more
evident for N gene profile than for RdRP and E genes (Figure 1;
Figure 2A and B). However, the negative detection rate with RT-PCR
for E and RdRP targets was much higher in April compared to
March (48.93% vs 8.93% for E; 36.17% vs 7.14% for RdRP) and even
higher in May (60.53% for E; 45.49% for RdRP) (Figure 2C). The rate
of 2 simultaneous negative targets significantly increased in May
(45.49%) compared to March (8.93%) and April (9.50%) (Figure 2D).
Therefore, in the latest outbreak phase, several SARS-CoV-2
patients presented low nasopharyngeal RNA quantity with the
subsequent detection of only 1 or 2 targets.

To verify whether the Ct change was dependant on age, patients
were stratified into 10-year classes; age distribution did not differ
across the 3 months of the study (Figure 3).

It is known that elderly patients are particularly susceptible to
high viral replication and development of severe COVID-19 (Davies
et al., 2020; Liu et al., 2020a,b; Rockx et al., 2020; Shim et al., 2020).
The Italian authorities reported that >50% of COVID-19 deaths
were of people >80 years (IstitutoSuperiorediSanità). In March and
April, patients >80 years showed significantly lower N Ct
compared to younger subjects (March: 32.5 [IQR: 27.5, 35.7] in
<80y vs 25.5 [IQR: 18.3, 30.5] in >80y, P < 0.05; April: 34.7 [IQR:
29.0, 37.4] in <80y vs 29.0 [IQR: 23.9, 34.7] in >80y, P < 0.0001)
(Figure 4). Both groups of patients showed a significant increase in
N Ct over time (<80y: 32.5 [IQR: 27.5, 35.7] in March vs 34.7 [IQR:
29.0, 37.4] in April vs 35.4 [IQR: 32.2, 37.7] in May, P < 0.0001;
>80y: 25.5 [IQR: 18.3, 30.5] in March vs 29.0 [IQR: 23.9, 34.7] in
April vs 35.1 [IQR: 32.8, 37.7] in May, P < 0.0001) (Figure 4) and, in
May, no difference was observed between <80 and >80 year old
patients (35.4 [IQR: 32.2, 37.7] in <80y vs 35.1 [IQR: 32.8, 37.7] in

Figure 1. N Ct values increase over time. N target Ct values of all SARS-CoV-2
positive patients stratified week-by-week according to the swab collection time.
Data are shown as median with interquartile range.
Ct values of the 3 molecular targets were analysed by stratifying
he data week-by-week according to the time of nasopharyngeal
wab collection. The median Ct values of ‘N’, the most sensitive
ene target, significantly increased during the epidemic course, so
hat patients in the 1st week of March presented a median Ct of
69
>80y, P = 1.0) (Figure 4).
The trend observed in the N gene was confirmed by the analysis

of the E and RdRp genes, however, in May, E and RdRp were
negative in more than 2/3 of patients (Supplementary Figure 1).

By contrast, the sex of the patient did not seem to impact gene
expression.
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Discussion climate and viral factors, concurred to attenuate SARS-CoV-2

Figure 2. RT-PCR data of E and RdRP targets. (A and B) E and RdRP Ct values of all SARS-CoV-2 positive patients stratified week-by-week according to the swab collection time.
Data are shown as median with interquartile range. (C) Rate of patients with negative detection of each target in each month. Data expressed in percentage. (D) Rate of
patients with two negative targets in each month. Data expressed in percentage.

Figure 3. Age distribution. Age distribution (10-year categories) of SARS-CoV-2 positive subjects during 3 months of the epidemic (March, April and May). Data are shown as
percentages.
The number of new COVID-19 infections decreased in Italy after
the adoption of restriction measures. Despite Italy's lockdown in
May, the daily number of new COVID-19 cases remained stable at
approximately 200 (IstitutoSuperiorediSanità). It is not clear
whether the restriction measures and other conditions, such as
698
spread and pathogenicity. The potential seasonality of SARS-CoV-2
has been recently described as similar to other seasonal respiratory
tract infections and other coronaviruses (Moriyama et al., 2020;
Paules et al., 2020; Sajadi et al., 2020). Recent broad genome
analysis showed that SARS-CoV-2 is mutating and adapting to the
human host (van Dorp et al., 2020), however, the authors were
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nable to conclude whether these mutations are attenuating
irulence or transmissibility. A small study conducted in a
ombardy hospital at the end of the first epidemic phase reported
hat the viral load was significantly reducing (Clementi et al.,
020), however, results were not transferable due to the small
ample size of the study population and the limited period of
nalysis. Recently, Piubelli et al. showed that COVID-19 disease
everity decreased from March to May in parallel with a reduction
n viral load, however, the study had a small sample size with single
entre enrolment (Piubelli et al., 2020). In this study, we aimed to
lucidate the viral spread in a broad population over time and in a
ifferent setting (lower incidence and excess mortality). During 3
onths (3 March to 8 June 2020) we collected data from 944
T-PCR-positive nasopharyngeal swab samples obtained from
ubjects diagnosed with COVID-19 from the region of Capitanata,
n Apulia, Italy. Ct values were used as a viral load surrogate
easure. Although there are some limitations when the viral load
f SARS-CoV-2 is inferred from the RT-PCR Ct value, the method has
een widely used in other studies (Clementi et al., 2020;
ethuraman et al., 2020; Shi et al., 2020; Yu et al., 2020; Zheng
t al., 2020; Zou et al., 2020).
We observed that viral loads constantly decreased across the

tudy period. This was particularly evident by analysing Ct values
f N; when E and RdRP were used the viral load reduction was
ilder since in many cases they were undetectable. Therefore, in
ay diagnoses were mostly based only on 1 target, the N gene. We
ould therefore hypothesize that a viral factor might be involved in
he recent mild clinical scenario of our geographical region,
lthough the reason for this remains unclear. Lau S. et al. speculate
hat the genomic selective pressure on Coronavirus could generate
ttenuated variants with more efficient inter-human transmission

The increased diagnostic potential (linked to wider availability of
diagnostic assays, reagents, and an increase in the number of active
laboratories) has enabled earlier identification of suspected cases
and an expansion of screening and tracing activities among mildly
affected or asymptomatic subjects.

Furthermore, we cannot exclude that social distancing and PPE
usage contributed to reducing the infectious dose, thus decreasing
the viral particles shedding (Chan et al., 2020; He et al., 2020;
Prather et al., 2020). Similar dynamics regarding influenza virus
transmission have shown that the higher the infectious dose given
to healthy subjects, the more attenuated the viral replication and
clinical manifestations. (Memoli et al., 2015). Several studies report
that patients with more severe disease and worse prognosis
showed significantly higher viral loads (Liu et al., 2020a,b; Shi et al.,
2020; Yu et al., 2020; Zheng et al., 2020). Elderly people are
particularly susceptible to high viral replication and worse
outcome (Davies et al., 2020; Liu et al., 2020a,b; Rockx et al.,
2020; Shim et al., 2020). Italian official data confirm the high
mortality rate in older people (IstitutoSuperiorediSanità; Minister-
odellaSalute). In the first 2 months of the study, when the daily
infections and number of severe cases were high, we observed that
elderly people >80 years presented a significantly higher viral load.
The median viral load of both age cohorts (<80 years old and >80
years old) significantly decreased month by month, and in May the
difference between these 2 cohorts disappeared. We cannot
exclude that the current less severe clinical situation in our
geographical area is due to the low viral loads observed in the high-
risk class of elderly subjects. This implies that maintaining social
distancing and PPE, particularly in the older population, may
dramatically impact disease severity and mortality.

In conclusion, we believe that monitoring the viral load trend in
the general population might provide important information to
predict the pandemic course and impact on the healthcare system,
particularly when high-risk categories, such as elderly people, are
analysed. Molecular studies are needed and should be combined
with broad epidemiological data to identify potential modifica-
tions in SARS-CoV-2 behaviour.
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igure 4. Distribution of Ct values resulting from the amplification of the N target of
ARS-Cov-2 at time of diagnosis. Differences of median N Ct values in 2 different age
ategories (<80 years old, >80 years old), in each month. Data are shown as median
ith interquartile range. Differences between the 2 age cohorts within a month
ave been evaluated with the Mann–Whitney U test, while differences between the

 months within 1 age cohort have been evaluated with the Kruskal–Wallis test
llowed by post-hoc analysis (Dunn's test) for multiple comparison. *P < 0.05;
*P < 0.01; ***P < 0.001; ****P < 0.0001.
nd lower pathogenicity and mortality (Lau et al., 2020); further
enome studies are needed to validate this hypothesis.
It is more likely that changes in the diagnostic strategies

ccurring in the later phases of the pandemic in Italy could have
ignificantly influenced the epidemiological and clinical scenario.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.ijid.2021.01.068.
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