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Correlation Between Epidemiologic, Clinical Characteristics,
and RT-gPCR Cycle Threshold Values
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Background: Initially, the impact of SARS-CoV-2 infection on children
was unknown. Standard COVID-19 diagnosis is confirmed using real-time
qPCR. Cycle threshold (Ct) values of RT-qPCR are inversely proportional
to viral load and the test indirectly quantifies viral RNA copy numbers. The
objective of this study was to determine the correlation between epidemiol-
ogy, clinical characteristics, severity of confirmed COVID-19 cases, and
Ct values.

Methods: An observational, analytical, cross-sectional study. All children
with COVID-19 under 18 years old admitted to the Ricardo Gutiérrez
Children’s Hospital between March 1, 2020, and February 28, 2021, were
included. SARS-CoV-2 infection was confirmed using RT-qPCR.

Results: Median age of patients was 7 years. Ct values were estimated in
419 cases, median Ct value was 23.5 [interquartile range (IQR): 18.9-30.9].
Levels were significantly lower in symptomatic than asymptomatic patients
(Ct: 22.1; IQR: 18.4-22.1), in children <2 years of age (Ct: 20.6; IQR:
17.3-27.3) and when sample collection was <4 days after symptom onset
(Ct: 21.1; IQR: 18.1-27.5). In children >2 years of age, Ct values were
significantly lower in symptomatic (Ct: 22.6; IQR: 18.7-29.3) than asymp-
tomatic (Ct: 31.2; IQR: 24.5-33.3) patients.

Conclusions: Children younger than 2 years with COVID-19 have lower
values of Ct—as a proxy for higher viral load—than older children. Symp-
tomatic children over 2 years of age had lower Ct values compared with
asymptomatic children.
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he novel severe acute respiratory syndrome, COVID-19, caused

by coronavirus-2 (SARS-CoV-2) was first reported in Decem-

ber 2019 in a group of patients in Wuhan, China.? Three months

later, WHO declared COVID-19 a pandemic, leading to an unprec-

edented global public health emergency because of the high speed

of transmission, wide spectrum of clinical presentation in all age
groups and high mortality rates in adults.?

Initially, containment measures focused on case detection

and isolation, and quarantine of contacts.* Whole genome sequenc-

ing of SARS-CoV-2 enabled the development of a real-time reverse
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transcription polymerase chain reaction (RT-qPCR) assay for the
detection and quantification of viral load. This technique is now
the standard for COVID-19 diagnosis. The assay detects different
regions of the genes coding for: nucleocapsid (N); envelope (E);
RNA-dependent RNA polymerase (RdRp); polyprotein (ORF1ab);
and spike (S) proteins. Although most RT-qPCR kits are intended for
qualitative detection of COVID-19 (results reported as “detected”
or “not detected”), cycle threshold (Ct) values (number of ampli-
fication cycles required for fluorescent signal to exceed threshold
level) can be used for a semiquantitative estimation of viral load.

Ct values are inversely proportional to viral load and provide
an indirect quantification of viral RNA copy numbers in samples.’
Values are affected by preanalytical, analytic and postanalytical
variables. Correct interpretation of these factors is crucial to esti-
mate the correlation between viral load and disease severity. A sys-
tematic review of the clinical utility of cycle threshold values have
suggested that Ct values are useful to predict clinical outcome of
COVID-19 patients.®

Another important factor is the time interval between the
onset of symptoms and the date of sample collection. The diagnosis
protocol in Argentina did not establish a time limit to perform the
RT-PCR test, although it is known that in the beginning of the pan-
demic, the isolation period was 10-14 days.

At the onset of the pandemic, adults were more severely
affected than children and information regarding the impact of
disease in children was scarce. This brought about long periods of
confinement and lockdown of schools generating major psycho-
logic and socioemotional consequences. Understanding COVID-19
behavior in children is crucial.

The objective of this study was to assess the correlation
between epidemiologic, clinical features, and severity of COVID-19
in children and Ct values as estimates of viral load.

MATERIALS AND METHODS

This was a cross-sectional, observational and analytical
study. All children under 18 years of age with a confirmed diagno-
sis of COVID-19, who assisted to the Ricardo Gutiérrez Children’s
Hospital between March 1, 2020 and February 28, 2021, and in
whom a semiquantitative estimate of viral load was performed in
our laboratory were included.

Patients were defined as a symptomatic COVID-19 when
they met 2 or more of the following symptoms according to the
Argentina Ministry of Health protocols: fever, cough, runny nose,
odynophagia, diarrhea/vomiting, respiratory distress, anosmia,
dysgeusia, myalgia, headache; or as asymptomatic if close contact
with a laboratory confirmed COVID-19 case was reported.

A case report form was designed for epidemiologic and
clinical data collection. This included: date of symptom onset as
well as of consult or hospitalization, patient demographics, diag-
nosis at admission, time since symptom onset or contact with a
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confirmed COVID-19 case or with acute upper respiratory tract
infection, comorbidities (chronic or recurring respiratory disease,
immunosuppression, malnutrition, congenital heart disease, neuro-
logic, renal, metabolic, or hepatic disease), signs and symptoms,
clinical outcome and treatment.

Critical overcrowding was considered according with the
definition of the National Institute of Statistics and Censuses
(INDEC): coexistence of more than 3 people per room (with-
out considering the kitchen and bathroom); and neighborhoods
were considered vulnerable or popular, according to the Registry
National District of Popular Neighborhoods, those in where at
least 8 families live together or contiguous, with more than half
of the population without land title or regular access to 2 or more
of the basic services. Disease severity was established based on
WHO disease severity classification as critical COVID (defined
by the criteria for acute respiratory distress syndrome, sepsis,
septic shock, or other conditions that would normally require
the provision of life-sustaining therapies such as mechanical
ventilation [invasive or noninvasive] or vasopressor therapy) or
severe COVID-19 (Defined by any of oxygen saturation <90% on
room air; in children, very severe chest wall indrawing, grunting,
central cyanosis, or presence of any other general danger signs
(inability to breastfeed or drink, lethargy or reduced level of con-
sciousness, convulsions) in addition to the signs of pneumonia.)
o Nonsevere COVID-19 (Defined as absence of any criteria for
severe or critical COVID-19).”

Cases were confirmed by a real-time reverse transcription
polymerase chain reaction (RT-qPCR) test for SARS-CoV-2 in
nasopharyngeal aspirate or swab specimens. Two different assays
were used depending on commercial availability, the CDC 2019-
nCoV kit targeting nucleocapside genes 1 and 2 (N1 and N2) and
human RNasa P (RP) for internal control, and RealStar SARS-
CoV-2 RT-PCR US Altona targeting Spike (S) and envelop (E)
genes, and RNasa P (RP).® The proportion of the population tested
with both kits was similar. An average of both genes was used to
estimate Ct value.

A general description was done estimating the mean and
standard deviation or median and interquartile range (IQR) for
numerical variables, depending on their distribution. Proportion
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and its corresponding 95% confidence interval (CI) were used for
categorical variables. Continuous variables were analyzed using the
t test or Wilcoxon’s test. Categorical variables were analyzed using
a 2 test with Yates’ correction or Fisher’s test. Data normality was
tested. To compare Ct values, we used two-tailed Kruskal-Wallis
test and post hoc Bonferroni correction. The statistical significance
was assumed for P < 0.05. STATA 17 Software was used for sta-
tistical analysis.

All case report forms were coded before analysis to ensure
anonymity, complying with the Declaration of Helsinki and Good
Clinical Practice Guidelines and the Habeas Data Law on personal
data protection (Law N° 25.326). Telephone consent was obtained
from patients/parents or guardians, and authorization for use of
data documented in medical records. The R. Gutierrez Hospital
Institutional Review Board approved the study.

RESULTS

A total of 419 COVID-19 cases were included. Seasonal dis-
tribution of cases showed 2 peaks, the first peak in epidemiologic
week (EW) 31/2020 and the second in EW 2/2021 (Fig. 1).

Median age was 7 years (IQR: 1.9-13.7 years), gender dis-
tribution was homogeneous between age groups; 25.5% of patients
lived in overcrowded households, 47.5% had been in contact with
a positive COVID/19 case within 14 days of symptom onset and
94.7% of contacts were direct family members. Epidemiologic and
clinical characteristics of COVID-19 cases are shown in Table 1.
Rates of overcrowding, vulnerable neighborhood living conditions
and hospitalization were higher in children under 2 years of age.
Children over 2 years of age presented higher rates of comorbidities
and severe outcome. The most common comorbidities were asthma
(6.8%) and primary or secondary immunodeficiency (6.2%). From
the total, 11 patients were severe or critical, 5 with at least 1 comor-
bidity (3 cases with >1 comorbidities).

Median CT value in the study population was 23.5 (IQR:
18.9-30.9), 98% of them were tested within 10 days of symptoms
onset. We assessed the correlation between Ct values and age, pres-
ence of symptoms, disease severity and time from symptom onset
to sample collection (Table 2). No significant differences were
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FIGURE 1. Seasonality of COVID-19 cases (n: 419).
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TABLE 1. Epidemiologic, Clinical Features of the
Study Population (n = 419)

Total (n = 419)

Characteristics of COVID-19 Cases n (%)
Median age in months (IQR) 85 (23-165)
Gender (female) 214 (51.1)
Lived in Buenos Aires City 260 (62.1)
Overcrowded household 107 (25.5)
Vulnerable neighborhood 112 (26.7)
Close contact with an acute upper respiratory 57 (13.6)
tract infection case
Close contact with a COVID-19 case 199 (47.5)
Family member with COVID-19 180 (94.7)
Comorbidities 116 (27.7)
Clinical presentation
Asymptomatic 105 (25.1)
Mild 296 (70.6)
Moderate 7(1.7)
Severe 7(1.7)
Critical 4 (1)
Hospitalization 200 (47.7)
Intensive care 6 (2.8)

found between Ct values in patients with severe (Ct: 24.5; IQR:
19.4-30.3) and nonsevere (Ct: 23.4; IQR: 18.8-30.9) disease.

When analyzed by age group, Ct values were significantly
lower (P < 0.001) in children under 2 years of age (Ct: 20.6; RIC:
17.3-27.3) than in older children (Fig. 2).

Regarding clinical presentation, values of Ct were lower
in symptomatic compared with asymptomatic cases (P < 0.001)
(Fig. 3).

With respect to disease severity, significant difference
was observed between groups, a statistical difference was found
between asymptomatic (Ct: 29; IQR: 23.5-33) and mild disease
(Ct: 22; IQR: 18.3-28.5) according Bonferroni test (P < 0.001)
(Fig. 4). Patients in whom time from symptom onset to sample col-
lection was less than 4 days, had significantly lower Ct values (Ct:
21.1; IQR: 18.1-27.5) than those with a longer time intervals (Ct:
26.3; IQR: 21.9-32.7). No significant differences in Ct values were
observed between patients with primary or secondary immunodefi-
ciency (n = 26; Ct: 25.5) and immunocompetent patients (Ct: 24.6).

Finally, we analyzed Ct values according to age and to pres-
ence of symptoms. Values were significantly lower in children
under the age of 2 years (Ct: 20.6; IQR: 17.3-27.3) than in older
children (Ct: 24.4; IQR: 19.8-31.4). In addition, in children over
2 years, values were significantly lower in symptomatic (Ct: 22.6;

IQR: 18.7-29.3) than asymptomatic cases (Ct: 31.2; IQR: 24.5-
33.3). Table 3 and Figure 5 show results for different age groups.

DISCUSSION AND RELEVANCE

The COVID-19 pandemic has caused a major social, eco-
nomic, and health crisis worldwide. Disease burden was greater in
adults and mortality rates were highest in the elderly. In Argen-
tina until EW 31/2021, 8% of COVID-19 cases occurred in chil-
dren, most cases were mild and severe disease was associated
with comorbidities such as neurologic disorders and congenital or
acquired immunosuppression.’

Preliminary evidence suggests that children have the same
probability of acquiring SARS-CoV-2 infection as adults, but have
less chance of developing symptoms or poor outcome, although
some children are still at high risk of severe disease.'’

Our results shown that 25% of cases lived in overcrowded
households, in vulnerable neighborhoods and most of contacts
were direct family members. Initial studies reported that a high pro-
portion of infected children had been in contact with a confirmed
adult case, 90% of which were family members.!!"13

In our study, children over 2 years old presented higher rates
of comorbidities and severe outcome. Although our sample size is
limited our results coincide with other studies that found that chil-
dren with comorbidities have higher risk of severe COVID-19 and
those with more than one underlying condition experienced most
severe disease.'*!

In our study, 97.3% of cases were “non-severe.” Panahi
et al'® reported that infected children had milder symptoms than
adults, mainly dry cough (91%) and fever (96%). The reason
for the more favorable outcome in children is still under inves-
tigation. Notably, Bunyavanich et al'” found that angiotensin IT
enzyme (ACE2) receptor expression in the nasal epithelium,
which is the same receptor as the one for SARS-CoV-2, is age
dependent and children express less receptors than adults. This
finding has generated many hypotheses regarding the role of
ACE2 in disease severity.'$2!

Considering the time between the sample collection and the
symptom onset, 98% of our patients were tested within 10 days
from the onset of symptoms and we found lower Ct values dur-
ing the first 4 days. Fox-Lewis et al?? have shown that viral load
peaks shortly after symptom onset, sample positivity rate is highest
during the symptomatic infectious period (days 0—10), and median
Ct values indicate that PCR is likely to be reliable for detecting
SARS-CoV-2 infection in the first 15 days post symptom onset, but
diagnostic yield may drop after this time.

TABLE 2. Comparison of CT Values According To Age, Presence of Symptoms, Disease Severity

and Time From Symptom Onset to Sample Collection

Variables Categories n  CtValue (Median) Ct Value (IQR) P

Age (y) <2 106 20.6 17.3-27.3 <0.001
2-4 62 23.8 20.3-31.4
5-9 90 24.4 18.8-30.9
>10 161 24.5 19.8-31.8

Presence of symptoms Asymptomatic 105 29.0 23.5-32.9 <0.001
Symptomatic 314 22.1 18.4-22.1

Severity Asymptomatic 105 29.0 23.5-32.9 <0.001
Mild 296 21.8 18.4-28.5
Moderate 7 27.3 24.2-33.1
Severe 7 28.0 17.8-32.3
Critical 4 22.2 19.6-27.4

Time from onset of symptoms to sample collection (d) <4 257 21.1 18.1-27.5 <0.001
>4 57 26.3 21.9-32.7

The bold refers to statistical significance between groups.
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FIGURE 2. Comparison of Ct values by age (under 2 years,
2-4 years, 5-9 years and 10 years or older). *Ct values were
significantly lower (P < 0.001) in children under 2 years

of age (Ct: 20.6; RIC: 17.3-27.3) than in older children.
Median is represented as a solid line, interquartile ranges
are represented by boxes, upper and lower adjacent values
are represented by whiskers and outliers are represented by

isolated points. yo. years old. full coloe
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The correlation between symptoms and Ct values as a proxy
for viral load, was suggested as a strategy to determine the risk of
transmission and of severe illness in children with COVID-19.%
There is little evidence available to date regarding disease severity
in children. A limitation of our study is the small number of severe
cases included and according to Argentina COVID-19 case care

.
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FIGURE 3. Comparison of Ct values in symptomatic and
asymptomatic patients. *Regarding clinical presentation,
values of Ct were lower in symptomatic compared with
asymptomatic cases (P < 0.001). Median is represented as a
solid line, interquartile ranges are depicted by boxes, upper
and lower adjacent values are represented by whiskers and

outliers are represented by isolated points. y, years.
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FIGURE 4. Comparison of Ct values according to severity of
symptoms. *P < 0.001. Median is represented as a solid line,
interquartile ranges are depicted by boxes, upper and lower
adjacent values are represented by whiskers and outliers are
represented by isolated points. (1) asymptomatic, (2) mild,

(3) moderate, (4) severe, (5) critical.
onltine,

protocol, children under 1 year old were hospitalized preventively
and not based on clinical criteria, because of that we could not ana-
lyze hospitalization as a component of severity.

Although in our study, we found no Ct difference between
severe and no severe cases, we detected that Ct values were sig-
nificantly lower in children under 2 years of age. Current evidence
however is controversial, while Bullard et al in Canada reported sig-
nificantly lower Ct values in adolescents and adults comparing with
children under 10 years of age, Heald-Sargent et al found higher
levels of viral genetic material children under 5 years with mild to
moderate COVID-19 compared with older children and adults.?>*
In opposite Aykar et al*® showed that the Ct were similar in all clini-
cal courses and in all age groups in children with COVID-19.

In children over 2 years, we found significantly lower Ct
values in symptomatic cases. These results coincide with those
reported by Pinninti et al'® who showed that viral loads were sig-
nificantly higher in symptomatic children compared with asymp-
tomatic cases. In a multicenter study carried out in Canada and
the United States including 817 children, Kociolek et al also
observed lower viral concentrations in nasopharyngeal specimens
from asymptomatic children compared with symptomatic patients,
with median adjusted Ct values 10.3 cycles higher in asympto-
matic cases, a difference which was significant for all age groups.?
Another limitation in our study is that we could not performed a

TABLE 3. Comparison of Ct Values According to
Symptoms Stratified by Age

Age Groups (y) Symptoms n Median 25Pc 75 Pc P

<2 AS 18 23.3 20.0 28.6 0.091
S 88 20.1 16.6 26.8

24 AS 13 31.4 25.5 33.7 0.041
S 49 22.8 20.0 29.3

5-9 AS 38 28.8 24.1 32.8 <0.001
S 52 21.0 18.5 27.1

10 and older AS 36 31.4 254 33.5 <0.001
S 125 22.8 186 30.2

The bold refers to statistical significance between groups.
AS, asymptomatic; S, symptomatic.
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FIGURE 5. Comparison of Ct values according to symptoms
in different age groups. Median is represented as a solid
line, interquartile ranges are depicted by boxes, upper and
lower adjacent values are represented by whiskers and
outliers are represented by isolated points. yo, years old; AS,

asymptomatic; S, symptomatic.
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multivariate analysis to detect confounders. Nevertheless, cross-
sectional studies provide information to generate hypotheses about
possible associated exposure factors or cause(s) of a disease, which
is the first step in etiologic investigation.

Our study showed that children younger than 2 years with
COVID-19 have lower values of Ct than older children. In addition,
in children over 2 years of age, symptomatic patients with mild,
moderate or severe disease had lower Ct values compared with
asymptomatic children.

More studies are necessary to know the clinical relevance of
this findings. It is important to advance on Ct values researches and
its possible use in the daily clinical practice and in health policies.
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