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Objectives To determine the time to reverse transcription-polymerase chain reaction (RT-PCR) negativity after
the first positive RT-PCR test, factors associated with longer time to RT-PCR negativity, proportion of children se-
roconverting after proven severe acute respiratory syndrome coronavirus 2 infection, and factors associated with
the lack of seroconversion.

Study design The Epidemiological Study of Coronavirus in Children of the Spanish Society of Pediatrics is a
multicenter study conducted in Spanish children to assess the characteristics of coronavirus disease 2019. In a
subset of patients, 3 serial RT-PCR tests on nasopharyngeal swab specimens were performed after the first RT-

PCR test, and immunoglobulin G serology for severe acute respiratory
syndrome coronavirus 2 antibodies was performed in the acute and
follow-up (<14 and >14 days after diagnosis) phase.

Results In total, 324 patients were included in the study. The median
time to RT-PCR negativity was 17 days (IQR, 8-29 days), and 35% of pa-
tients remained positive more than 4 weeks after the first RT-PCR test.
The probability of RT-PCR negativity did not differ across groups defined
by sex, disease severity, immunosuppressive drugs, or clinical pheno-
type. Globally, 24% of children failed to seroconvert after infection. Sero-
conversion was associated with hospitalization, persistence of RT-PCR
positivity, and days of fever.

Conclusions Time to RT-PCR negativity was long, regardless of the
severity of symptoms or other patient features. This finding should be
considered when interpreting RT-PCR results in a child with symp-
toms, especially those with mild symptoms. Seroprevalence and post-
immunization studies should consider that 11 in 4 infected children falil
to seroconvert. (J Pediatr 2022;241:126-32).

tudies of serial respiratory viral load and serum antibody responses from
children infected with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) are limited." SARS-CoV-2 detection by reverse
transcription-polymerase chain reaction (RT-PCR) testing of respiratory sam-
ples is used widely to diagnose and monitor infection. A better understanding
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of the dynamics of RT-PCR and serological testing in chil-
dren with SARS-CoV-2 infection (coronavirus disease 2019
[COVID-19]) may help to inform healthcare decisions,
including quarantine strategies and duration.

The severity and progression of SARS-CoV-2 infection has
multifactorial associations, including host immunity, and an
adequate antibody response might confer protection to
future SARS-CoV-2 infection. The dynamics of the antibody
response has been well-described in adults.” Studies of multi-
system inflammatory syndrome in children (MIS-C) suggest
that not all patients develop detectable antibodies despite a
strong dysregulated immune response.” Knowing the pro-
portion of children who do not develop a detectable antibody
response and the factors related to the absence of seroconver-
sion might be useful for the diagnosis of post-COVID-19
conditions and reinfections.

The aims of the present study were to determine the time
to RT-PCR negativity after the first positive RT-PCR test
result, to investigate factors associated with a delayed RT-
PCR negative result, to assess the rate of seroconversion after
proven SARS-CoV-2 infection, and to examine the factors
associated with the absence of seroconversion.

The Epidemiological Study of Coronavirus in Children of the
Spanish Society of Pediatrics (EPICO-AEP) is a multicenter
cohort study to assess the characteristics of COVID-19 in
Spanish children. The registry includes patients aged 0-
18 years evaluated in any 1 of the 76 hospitals of the network,
with positive SARS-CoV-2 RT-PCR test or a diagnosis of
MIS-C following the World Health Organization criteria.’
Children were tested for SARS-CoV-2 by RT-PCR if they pre-
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sented with symptoms consistent with SARS-CoV-2 infec-
tion. The study was approved by the Ethics Committee of
Hospital 12 de Octubre, Madrid (code 20/101), and the other
participating hospitals. Patients were enrolled after signed or
verbal consent from parents or guardians and patients older
than 12 years.

For the present substudy, patients with SARS-CoV-2 infec-
tion confirmed by RT-PCR were offered serial follow-up
visits with 3 associated RT-PCR testing episodes if the hospi-
tal and the patient’s situation permitted. Additionally, the in-
terval recommended between serial RT-PCR testing episodes
was 1 week, but the timing depended on logistics, the situa-
tion at the center, and the participant. Serology was per-
formed in the acute phase (<14 days after first positive
RT-PCR test result) and in the follow-up phase (=14 days
after first positive RT-PCR test result).

Eligible participants for this study were those patients with
a positive RT-PCR at diagnosis from March 1, 2020, to
March 18, 2021, who had at least 2 PCR tests in follow-up.
Patients with a diagnosis of MIS-C were excluded because
the interval between the SARS-CoV-2 infection and the diag-
nosis of MIS-C usually is 4-6 weeks and most children with
MIS-C are not diagnosed with acute infection.

Laboratory Methods

Respiratory samples were obtained from nasopharyngeal
swabs. RT-PCR was performed according to standardized
techniques at each center. RT-PCR was considered positive
according to the limits provided by the manufacturers. For
analysis purposes (Figure 1), negative was considered as 45
cycle thresholds (C,). In all centers, immunoglobulin G
(IgG) antibodies against the SARS-CoV-2 surface S1
domain of the spike protein or against the internal
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Figure 1. A, C; over time. The line represents an inference of the trajectory of C;s until negativity. Negative values are presented
as a C; of 45. Negative values beyond 60 days are not presented. B, Box-and-whiskers distributions of C, across weeks. Most of
the samples had a high C; value. At diagnosis, the median C; was 38.5 (IQR, 35.5-40.0).
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Data Management and Statistical Analyses

An electronic case report form was built, and the responsible
physician of each center completed the form with clinical data
and laboratory test results. Data included age, sex, comorbid-
ities, immunosuppressant medication, date of diagnosis, syn-
dromic diagnosis, and serial RT-PCR and serology test results.

Baseline characteristics were described using frequencies
for categorical variables and medians (IQR) for continuous
variables, both in the total population and after stratification
based on RT-PCR test result. The x* or Fisher exact test (<5
frequencies) was applied to assess differences across groups
for categorical variables, and the Mann-Whitney test was
used for continuous variables.

For the time-to-event analysis, the time to RT-PCR negativity
was analyzed using Kaplan-Meier estimates according to socio-
demographic and clinical variables including sex, age, days of fe-
ver, diagnostic syndrome and severity, and the log-rank test was
used for comparison of curves. The time to RT-PCR negativity
and association with potential risk factors was assessed using a
generalized multivariable linear model. Variable selection for
the model was performed through the stepwise Akaike Informa-
tion Criterion. Two-tailed P values were considered significant
when the P values was less than .05.

Locally estimated scatterplot smoothing splines were fitted
to the C; curves to plot the dynamics of extinct viral load
along time to follow-up. For this plot, a C, of 45 was consid-
ered as negative or undetectable. R software was used for all
analyses (R Development Core Team, Vienna, Austria, 2009).

RT-PCR Test Results
A total of 324 children from 50 centers were included in the
present study and followed for a median of 20 days (IQR, 13-
32; range, 0-120 days). The median age was 4.5 years (IQR,
0.6-11.6 years), 188 (58%) children were male, and the me-
dian days of fever at diagnosis was 2 (IQR, 0-4). All patients
had 2 (100%), 3 (162/324 [50%)]), or 4 (86/324 [26.5%]) RT-
PCR tests performed during follow-up. The median time be-
tween serial RT-PCR tests was 11 days (IQR, 7.0-17.0 days).
A total of 248 of the 324 patients (76.5%) had a negative
RT-PCR test result in 1 or more of the serial samples after
the first positive RT-PCR; 27 of the 324 (8.3%) did not
have a negative result in any of 3 serial samples after the first
positive RT-PCR; 49 of the 324 (15.1%) did not complete the
protocol of 3 serial samples and were still positive when they
were lost to follow-up. Among 27 children who completed 3
sampling episodes but did not achieve RT-PCR negativity,
the median time of follow-up was 27 days (IQR, 22-
34 days). Among children who did not have 3 tests performed
and did not achieve negativity and were lost to follow-up, the
median time to follow-up was 14 days (IQR, 9-16 days).
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Overall, the median time to RT-PCR negativity was
17 days (IQR, 8.0-29.2). A total of 89 of 248 participants
(35.8%) had persistent positive RT-PCR 4 weeks after the
first RT-PCR. Notably, 6 children remained positive
90 days after diagnosis. The C, values increased with time
since first positive RT-PCR test.

According to the Kaplan-Meier function estimate, the me-
dian time from first positive to first negative test result was
22 days (95% CI, 19-25). The probability of remaining positive
at 14 days was 0.66 (95% CI, 0.61-0.71), at 21 days was 0.5 (95%
CI, 0.45-0.56), and at 28 days 0.37 (95% CI, 0.31-0.43)
(Figure 2; available at www.jpeds.com). The probability of a
RT-PCR negative result did not differ between groups
with different severity (hospitalized vs not hospitalized),
receiving or not receiving immunosuppressive medication, or
across different clinical phenotypes at presentation (Figure 3).

A Cox multivariable analysis was performed to investigate
whether confounding might have attenuated the suggested asso-
ciation with severity of disease. The covariates included in the
raw model were sex, phenotype, age, days of fever, and severity.
However, according to the backward stepwise selection method,
only sex was selected to be included in the final best fitting model
(coefficient, 0.85; 95% CI, 0.66-1.1; P = .229). We did not find
any factor influencing the probability of achieving a negative
RT-PCR test result. There were no differences between patients
who achieved or did not achieve negativity during the follow-up
period by sex, age, days of fever at diagnosis, clinical phenotype
at presentation, immunosuppressive medication, hospitaliza-
tion, or need for pediatric intensive care unit admission or
high-flow oxygen therapy.

The C, values at diagnosis were available for 84 of 275 pa-
tients (30%). Most samples had a high C, value. At diagnosis,
the median C, was 38.5 (IQR, 35.5-40.0). The C, information
of all the serial RT-PCRs was available for 46 of 84 patients
(54%). The trajectory line of Cs until negativity was reached
quickly (around day 5) (value of 45) (Figure 1). After day 8,
the median C, value of the remaining positive patients was
above the threshold of positive C,. We observed a weak,
but significant, positive correlation between initial C, value
and time to negativity (R = —0.35; P = .03)—the higher
the C,, the longer the time to negativity.

Serology

Among 324 children, a total of 136 participated in serology
protocol: a first IgG serology test performed within 14 days
from the first positive RT-PCR, and a follow-up IgG serology
test 14 or more days after the first positive RT-PCR test result.
Only 59 of 136 patients (43.3%) completed the protocol with
both tests. The time between the first and second IgG test was
28.0 days (IQR, 25.5-34.5; range, 14-45 days).

The first SARS-CoV-2 IgG test was positive within the first
14 days in 43 of 136 children (31.6%) and was negative in 93 of
the 136 children (68.4%). Of those with the first negative IgG
test result, the follow-up IgG was available for 49 of 93 chil-
dren (52.7%). Follow-up IgG was positive in 27 of 49 children
(55.1%); therefore, 22 of these 49 (44.9%) did not seroconvert
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Figure 3. Flowchart of patients with serologic follow-up. Overall, at least 22/93 (23.6%) children with a recent RT-PCR positive
test and available serum specimens did not develop detectable IgG SARS-CoV-2 antibodies. N/A, not applicable.

over the period of observation (Figure 4). For those who
seroconverted, median time from first IgG negative to
second IgG positive test was 18 days (IQR, 16.5-31.5).
Overall, at least 22 of 93 children (23.6%) with a recent RT-
PCR positive test result and available serologies did not
develop detectable IgG antibodies against SARS-CoV-2.

We compared the 27 children who seroconverted with the 22
who did not (Table). We excluded from this analysis those
patients with a positive IgG less than 14 days after the positive
RT-PCR to exclude the possibility of a positive IgG from
a prior infection 14 days previously. Absence of seroconversion
was observed in 10 of 32 hospitalized patients (31.2%) and in
12 of 17 nonhospitalized patients (70.6%; P = .02). Similarly,
among patients who never achieved a negative RT-PCR test
result during the study follow-up, all patients seroconverted,
whereas among patients who achieved a negative RT-PCR test
result during the follow-up, 22 of the 40 (55%) did not
seroconvert (P = .02). Patients who seroconverted had more
days of fever (median, 3; IQR 1-4) than patients who did not
seroconvert (median, 0; IQR, 0-3; P = .017).

In our study, after diagnosis with clinical symptoms, the me-
dian time to RT-PCR test negativity in children with SARS-
Cov-2 infection was 17 days, irrespective of the type or
severity of presenting features, and 35% of children remained
RT-PCR positive more for more than 1 month after the first
positive RT-PCR. We also showed that at least 25% of pa-
tients did not develop SARS-CoV-2 IgG antibodies after
confirmed infection, particularly those not hospitalized and
those with early SARS-CoV-2 RT-PCR clearance.

Time to RT-PCT negativity did not differ by sex, disease
severity, receipt of immunosuppressive drugs, or clinical
phenotype. Kaplan-Meier analysis indicated a trend for

patients admitted to the pediatric intensive care unit remain
positive for a slightly longer time than others, but the Cls
overlapped, and the P value was not significant.

In adults with SARS-CoV-2 infection, RT-PCR positivity
can persist for weeks after the resolution of symptoms; how-
ever, the median time to RT-PCR negativity is unclear. Some
studies have reported a median time from 12 to 35 days, but
there is large variability depending on age, the severity of the
disease and the sample type.”” In a study of 68 children, pa-
tients in the 0- through 5-year age group had a median of
22 days to RT-PCR negativity, and patients aged 6 through
15 years had a median of 32 days, compared with 18 days
for patients 16-22 years of age.”

In our study, children seemed to have more rapid clearance
than adults, which might be related to the high median C;
observed (38; IQR, 35.5-40.0), indicating a low viral load. In
adults, the median initial C; value has been reported to be 28
(95% CI, 27-28).” Our results are consistent with similar studies
in children conducted with smaller sample sizes. A Korean study
reporting 71 symptomatic children showed a median time to
negativity of 17.6 days, a study from Singapore observed a me-
dian time of 16 days, and a study of 68 children from the US re-
ported median duration of viral shedding (RT-PCR positivity)
of 19.5 days (IQR, 12-39).%% However, it is important to
consider that a proportion of patients in our study remained
positive for more than 21 days after diagnosis. Consistent with
our findings, it has been described that 19% of people continue
to show nasopharyngeal RT-PCR positivity 2 or more weeks af-
ter the resolution of symptoms.” Likewise, in an Italian study, 28
of 191 adults (14.7%) with a mean age of 51 years (IQR, 41-59),
were persistently positive between days 41 and 60 after
discharge.” Prolonged or recurrent viral RNA detection from
the nasopharynx does not necessarily indicate prolonged viral
infectiousness. Isolation of infectious viruses from upper respi-
ratory specimens more than 10 days after the onset of illness has
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Figure 4. Probability of RT-PCR test negativity in all 324 participants.

only rarely been documented in patients who had a nonsevere
infection and whose symptoms had resolved.'’ Rather, our find-
ings should be used to better understand the significance of a
positive RT-PCR in children in different settings. A positive
RT-PCR should not exclude other possible infections. Also,
our findings can help to further our understanding of postinfec-
tious complications such as MIS-C. In children with MIS-C,
almost one-half of all patients have positive RT-PCR test results
at presentation.” Possibly, the persistence of the antigenic stim-
ulus may stimulate immune activation, leading to the develop-
ment of late complications.

Serologic tests play an important role in the clinical diag-
nosis of postinfectious patients or patients with late-stage
SARS-CoV-2-related conditions. Our data suggest that
negative SARS-CoV-2 serologic test results alone do not
exclude previous SARS-CoV-2 in children. In a previous
study, only one-half of the patients demonstrated adequate
neutralizing antibodies during the time frame of specimen
collection.® This finding is important when considering post-
infectious complications such as MIS-C. Interestingly, pa-
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tients with mild disease and a shorter time to RT-PCR
negativity in our study seroconverted less often than patients
with more severe disease and who had more prolonged RT-
PCR positivity, suggesting that the level and persistence of
viral material may be key to developing antibodies. These
findings also suggest that detectable antibodies by routine
techniques are not a useful marker for clinical SARS-CoV-2
infection. In contrast, the absence of detectable antibodies
may be related to early clearance, mild disease, and possibly
a good innate response. We also should consider that some
patients may not have initiated seroconversion at the time
of the second test. The median time from RT-PCR positivity
as studied by to seropositivity, by chemiluminescent testing,
has been reported to be 18 days in children.” Our data also
should be considered for interpretation of seroprevalence
studies, especially in children, who usually have mild disease
seem to achieve PCR negativity earlier than adults and may
remain seronegative.

Almost all adults seroconvert after confirmed COVID-19.”
However, the sensitivity of enzyme-linked immunosorbent

Tagarro et al
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Table. Characteristics of initially IgG-negative patients who had follow-up IgG serology
Total Not seroconverted Seroconverted OR
Characteristics (n=49) (n=22) (n=27) P value [95% CI]
Sex .827
Male 27 (55.1%) 13 (59.1%) 14 (51.9%) Ref. 1.00
Female 22 (44.9%) 9 (40.9%) 13 (48.1%) 1.33 [0.42-4.30]
Age (months) NA =1 (2.0%) NA = 0 (0.0%) NA =1 (3.7%) .01
Median [IQR] 38.3[1.83-130] 93.7 [13.9-163] 10.1 [1.23-78.4] 0.99 [0.98-1.00]
Fever days NA =9 (18.4%) NA = 6 (27.3%) NA = 3 (11.1%) 017
Median [IQR] 2.50 [0.00-4.00] 0.00 [0.00-3.00] 3.00 [1.00-4.00] 1.56 [1.04-2.35]
Immunosuppressive medication 1.000
No 45 (91.8%) 20 (90.9%) 25 (92.6%) Ref. 1.00
Yes 4 (8.16%) 2 (9.09%) 2 (7.41%) 0.80 [0.08-8.29]
Severity .020
Not hospitalized 17 (34.7%) 12 (54.5%) 5 (18.5%) Ref. 1.00
Hospitalized (PICU and normal wards) 32 (65.3%) 10 (45.5%) 22 (81.5%) 5.01 [1.43-20.1]
Cycle threshold of RT-PCR at diagnosis NA = 31 (63.3%) NA = 10 (45.5%) NA = 21 (77.8%) .589
Median [IQR] 38.5 [35.5-40.0] 38.0 [36.5-40.0] 40.0 [11.5-40.0] 0.96 [0.90-1.03]
PICU or high-flow oxygen necessity NA=1(3.1%) 1.000
No 44 (91.7%) 20 (90.9%) 24 (92.3%) Ref. 1.00
Yes 4 (8.33%) 2 (9.09%) 2 (7.69%) 0.84 [0.08-8.64]
Time between first (—) and second serology (+) -
Median [IQR] - - 28.0 [25.5-34.5] -
Median [Range] 28.0 (14.0-45.0)
RT-PCR negativity .022
No 6 (13.0%) 0 (0.00%) 6 (25.0%)
Yes 40 (87.0%) 22 (100%) 18 (75.0%) -
Clinical phenotype 744
Asymptomatic 5 (10.2%) 3 (13.6%) 2 (7.41%) Ref. 1.00
URTI/flu-like/fever without source 30 (61.2%) 12 (54.5%) 18 (66.7%) 2.15[0.29-20.8]
Pneumonia/bronchitis 7 (14.3%) 4 (18.2%) 3(11.1%) 1.11 [0.09-14.8]
\ Gastrointestinal 7 (14.3%) 3 (13.6%) 4 (14.8%) 1.86 [0.17;25.4]
v

PICU, pediatric intensive care unit; NA, not available; PICU, pediatric intensive care unit; URTI, upper respiratory tract infection. Values in bold are statistically significant (P-value <.05).

assay (ELISA) tests targeting the nucleocapsid or spike
protein, or both (combined) antigens is 0.79 (95% CI,
0.68-0.88), 0.80 (95% CI, 0.62-0.92), and 0.86 (95% CI,
0.68-0.91), respectively.4 From our data, we cannot state
definitively whether the proportion of children who did
not seroconvert did not develop a humoral response, or if
the ELISA techniques were unable to detect the antibodies.
The strengths of our study include a large sample size, serial
testing, and a multicenter approach. Our study has several lim-
itations. As a multicenter study, the techniques used for virus
detection and antibody assays were not uniform. Also, we did
not analyze neutralizing antibodies or the cross-reactivity of
serology tests for SARS-CoV-2, although the specificity of ELISA
and chemiluminescent immuno assay ranges from 92% to
100%." Owing to the exceptional situation, mainly during the
first months of the pandemic, several patients were lost to
follow-up, and there was some variability in the timing between
tests. C, information was available for a proportion of partici-
pants only, so the analysis related to C, should be interpreted
with caution. Reporting C, values as a tool for assessing with
exactitude the viral load has been challlenged.”’12 However,
other reports have reported a good correlation between C, value
and viral loads in samples obtained from children with SARS-
CoV-2 infection (r = —1), with lower values of viral loads in
asymptomatic children and children aged less than 1 year."”
Some centers are reporting C, values after normalization or in
a semiquantitative format and, in practice, most centers use
the C; as a proxy for a high or low viral load. Regarding serologic
results, because there was appreciable dropout from the 136

included to the 59 who completed the protocol, a selection
bias should be considered. B
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50 Years into Understanding Hemolytic-Uremic Syndrome
Lieberman E. Hemolytic-uremic syndrome. J Pediatr 1972;80:1-16.

H emolytic—uremic syndrome (HUS) was first described in 1955 by Gasser et al after identifying a clinical triad of anemia,
acute kidney failure, and thrombocytopenia among pediatric patients who presented with gastroenteritis. However, its
epidemiology, pathophysiology, and prognosis were uncertain at the time, given the small number of cases.

Five decades later, the overall incidence of HUS is said to be about 1-2 cases per 100 000 per year, with a peak inci-
dence among ages 3-5 years old. HUS is predominantly associated with enterocolitis from the Shiga-toxin-producing
Escherichia coli in US and Europe. In other countries, Shigella dysenteriae type 1 is the main bacteria isolated and,
although uncommon, approximately 5% of cases are related with infection by Streptococcus pneumoniae.' HUS path-
ophysiology, although complex, is likely due to a renal insult from microangiopathy affecting the glomerulus and
arterioles, leading to acute renal and multisystem organ failure, including the central nervous system.

Risk factors for developing HUS include certain autoimmune diseases, recent hemopoietic stem cell transplanta-
tion, malignant hypertension, malignancy, pre-existing nephropathy, use of nephrotoxic drugs, and hereditary cobal-
amin deficiency. A rare but severe form of the disease, known as an atypical HUS, has been described in patients with
an overexpression of the alternative complement pathway: this is characterized by a genetic mutation of the comple-
ment pathway in patients with no known predisposing factors.”

Early identification and management allow correction of volume status. Pressor support has been shown to improve
clinical outcomes. As intensive care units became more equipped to manage patients with HUS, with dialysis and
eculizumab, the grim prognosis from HUS has improved with a 10-fold decrease in mortality rate from 30%-50%
to 3%-5%. Nonetheless, the evident 10% risk of developing chronic kidney disease in these patients remains a current
challenge faced by pediatricians and intensivists.” Although the prognosis and treatment of HUS have progressed
greatly the past 50 years, there is still a long way to go and many questions to be answered.

Mariana Ramirez-Lara, MD
Karen Gonzalez-Moctezuma, MD
Pediatrics Residency Program
Tecnolégico de Monterrey
Escuela de Medicina y Ciencias de la Salud
Monterrey, Nuevo Ledn, México
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Figure 2. Probability of RT-PCR negativity by A, severity, B,
immunosuppressive medication or C, phenotype. PICU, pe-
diatric intensive care unit; URTI, upper respiratory tract
infection.
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