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1 | INTRODUCTION

Since the outbreak of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection began in Wuhan city, Hubei province,

China,*? more than 2000 pediatric cases have been reported
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Abstract

Objective: To identify the risk factors for redetectable positivity (RP), and to provide a
basis for prevention and control of coronavirus disease-2019 (COVID-19) in children.
Methods: A retrospective study was performed on all pediatric patients diagnosed
with COVID-19. RP was defined as the positive result of real-time reverse tran-
scriptase polymerase chain reaction (RT-PCR) for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) after symptom resolution and discharge.
Children were defined as being less than 18 years old.

Results: Fourteen out of 38 (36.8%) pediatric patients exhibited RP. Compared with
the non-RP group (n = 24), the RP group (n = 14) had more family cluster infections,
relatively higher white blood cell (WBC) count and longer plasma prothrombin time
(PT), while age and gender were insignificant. T lymphocyte subclassification was
observed at five-time points: the first test after admission, 2 weeks, and 1, 2, and 3
months after discharge. The RP group had a higher percentage and count of CD8+ T
lymphocytes and lower CD4+/CD8+ ratio at 2 weeks, while a lower percentage and
count of CD4+ T lymphocytes and lower CD4+/CD8+ ratio at 2 months. The positive
rate of nasopharyngeal swabs by RT-PCR was higher during the onset, while that of
anal swabs was higher during the recovery of COVID-19.

Conclusions: Family cluster infection, higher WBC count, and longer PT are the early
risk factors for RP in recovered COVID-19 children. The dynamic changes in number
and ratio of CD4+ and CD8+ T lymphocytes may be involved in prolonged
SARS-CoV-2 clearance. Nasopharyngeal swabs sampling during the onset and anal

swabs sampling during the recovery may improve the positivity rate of RT-PCR.
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nationwide in just over 2 months.® Recently, an increasing number of
patients with coronavirus disease 2019 (COVID-19) were discharged
from the hospital and received regular follow-up and observation.
Redetectable positivity (RP) of real-time reverse transcriptase poly-

merase chain reaction (RT-PCR) for SARS-CoV-2 in some recovered

Abbreviations: APTT, activated partial thromboplastin time; AT I, antithrombin Ill.; Cl, confidence interval; COVID-19, coronavirus disease 2019; CT, computed tomography; FIB, fibrinogen;
hs-CRP, high sensitivity C-reactive protein; IL-6, interleukin 6; IQR, interquartile range; MERS-CoV, Middle East respiratory syndrome coronavirus; OR, odds ratio; PCT, procalcitonin;
PT, plasma prothrombin time; RP, redetectable positivity; RT-PCR, real-time reverse transcriptase polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;

SD, standard deviation; WBC, white blood cell.
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patients has been reported.* Our hospital also reported that 38 of
the 262 discharged patients were found to have RP during the
convalescence phase. Among them, patients younger than 14 years
old exhibited more commonly RP compared with those between the
ages of 14 and 60 years.’ In the long-term follow-up, we also ob-
served that a large proportion of pediatric patients showed RP (na-
sopharyngeal and/or anal swabs) after discharge, even repeated RP
and several readmissions. Theoretically, RP means that SARS-CoV-2
in the patient's body may not been completely cleared or is experi-
encing reinfection. It undoubtedly has a serious impact on the for-
mulation and implementation of prevention and control measures.
Despite great advances in rapid detection, diagnosis, and treatment
in SARS-CoV-2 infection, little is known about the risk factors for RP.
In particular, data on convalescent children as a special population
have not been reported. We aimed to identify the risk factors for RP,
and to provide a basis for prevention and control of COVID-19.

2 | MATERIALS AND METHODS

This investigation involving human participants were reviewed and
approved by the Ethics Committee of The Third People's Hospital of
Shenzhen (approval number: 2020-139). Written informed consent
from the patients was not required to participate in this study in
accordance with the national legislation and the institutional re-

quirements. Patients' personal information will be strictly protected.

2.1 | Clinical definition and classification

RP was defined as the positive result of RT-PCR of the patient's
specimen for SARS-CoV-2 after symptom resolution and hospital
discharge. Children were defined as being less than 18 years old. We
followed the guidelines on the diagnosis and treatment of SARS-CoV-
2-induced pneumonia (the sixth edition draft) issued by the National
Health Commission of China.® RT-PCR was used to detect
SARS-CoV-2 positive in nasopharyngeal swab samples to confirm the
diagnosis. Because of the need for epidemic prevention and control,
all weakly and dubious positive RT-PCR results were regarded as
positive. All diagnosed children were admitted to the designated
hospital (the Third People's Hospital of Shenzhen) for isolation and
treatment, and relevant examinations were completed as routine
procedures. Fever was recognized when body temperature is higher
than or equal to 37.3°C. Respiratory symptoms included nasal con-
gestion, runny nose, sneezing, sore throat, cough, expectoration,
chest pain, and dyspnea. Digestive symptoms included nausea, vo-
miting, abdominal pain, and diarrhea. All chest computed tomography
(CT) images were reviewed by two experienced pediatric radiologists.
If unilateral or bilateral lung fields had any of the following features:
(a) ground-glass opacities; (b) consolidations with or without sur-
rounding halo sign; (c) nodules; (d) fibrous cord or linear opacities; (e)
lymphadenopathy; and (f) pleural effusion, the result was defined as

positive CT findings of viral pneumonia.”® Family cluster infection
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was defined as the occurrence of any of the following criteria in two
or more family members within a period of less than 1 week: (a)
fever; (b) respiratory and/or digestive symptoms; and (c) positive CT
findings of viral pneumonia.

Discharge criteria: All clinical symptoms of the COVID-19 chil-
dren resolved, absorption of lung lesions improved, and two con-
secutive nasopharyngeal and/or anal swabs specimen of RT-PCR for
SARS-CoV-2 were negative at least 24 h apart.

Follow-up procedure after discharge: All discharged COVID-19
children were isolated and observed at home for 2 weeks. Follow-ups
occurred every 2 weeks for at least once after isolation. All in-
dividuals with RP were readmitted to the Third People's Hospital of
Shenzhen for further medical observation. Close contacts of in-
dividuals with RP were also isolated and observed at home for
2 weeks. The rest of the recovered individuals without RP were
closely followed-up in designated hospital outpatient clinics.

RT-PCR monitoring procedure for SARS-CoV-2: During the
hospitalization and readmission of COVID-19, RT-PCR detection of
nasopharyngeal and/or anal swabs specimen were performed every
3 or 4 days. During the follow-up period, it was done at each follow-
up outpatient clinic. During the home isolation period of pediatric
patients after discharge and close contacts of RP, community health
workers visited the house twice weekly to collect nasopharyngeal

and/or anal swabs.

2.2 | Data collection and review

For all confirmed pediatric cases, we retrieved electronic medical
records and conducted a retrospective study. The clinical and la-
boratory data of all COVID-19 children during hospitalization and
follow-up were collected and reviewed. Based on the RT-PCR results
for SARS-CoV-2 during follow-up, all included COVID-19 pediatric
cases were divided into two groups: an RP group and a non-RP
(control) group. T lymphocyte subclassification by flow cytometry
and white blood cell (WBC) count was observed at five-time points:
the first test after COVID-19 admission, 2 weeks, and 1, 2, and 3
months after symptom resolution and hospital discharge. We also
retrospectively calculated and compared the differences of RT-PCR
positivity rate of anal and nasopharyngeal swabs for SARS-CoV-2
during the onset and recovery of COVID-19.

Inclusion criteria: all confirmed pediatric cases. Exclusion cri-

teria: lost follow-up cases.

2.3 | Statistical analysis

All analyses were conducted by using of IBM Statistical Product and
Service Solutions software Version 24 (SPSS Inc.). Continuous vari-
ables were summarized as the median with interquartile ranges
(IQRs) or mean with standard deviations (SDs), median [IQR] or
[mean £ SD], depending on whether their distributions were normal

or not. Comparisons of categorical variables were performed using
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the Pearson's;{2 test or Fisher exact test. Odds ratios (ORs) and 95%
confidence intervals (Cls) were calculated for statistically significant
variables. The parametric tests (independent sample Student's t-test)
or nonparametric tests (Mann-Whitney U test) were used to analyze
variables. p <.05 was considered as statistically significant in all tests

if applied.

3 | RESULTS

From January 22 to March 10, 2020, a total of 39 confirmed pe-
diatric patients infected with SARS-CoV-2 were admitted with one
(2.6%) case excluded due to lost follow-up, and 14 of 38 (36.8%)
exhibited RP. Data reported by our hospital showed 24 out of 223
(10.8%) adult patients exhibited RP.> Children had a significantly
higher percentage of RP (OR [95%Cl] 4.84 [2.21-10.59]; p < .001). All
included pediatric cases were divided into a control group (n=24)
and an RP group (n=14).

The median hospital stay of all included pediatric cases was ap-
proximately 15 days. Compared with the control group, the RP group
had more family cluster infections (OR [95%CI] 1.59 [1.1-2.3];
p =.030), while differences in age ([7.2 +4.8] vs. [7.6 + 5.1]), percen-
tage of male gender (35.7% vs. 45.8%), hospital length of stay
(14[13-21] vs. 16[12-22.5]), and coinfection (7.1% vs. 8.3%) were not
statistically significant. There was no patient who was severely ill.
Eight (33.3%) out of 24 cases in the control group and four (28.6%)
out of 14 cases in the RP group were asymptomatic, 11 (45.8%) and
three (21.4%) presented with fever, 12 (50%) and 10 (71.4%) pre-
sented with respiratory symptoms, one (4.2%) and three (21.4%)
presented with digestive symptoms, seven (29.2%) and three (21.4%)
presented with fever and respiratory symptoms, and one (4.2%) and

three (21.4%) presented with respiratory and digestive symptoms.

There was no statistical difference between the two groups. Twenty
(83.3%) out of 24 cases in the control group and 12 (85.7%) out of
14 cases had positive CT findings, of which 10 (41.7%) and eight
(57.1%) were bilateral, 10 (41.7%) and four (28.6%) were unilateral,
seven (29.2%) and nine (64.3%) presented with ground-glass opa-
cities, seven (29.2%) and one (7.1%) presented with consolidations,
three (12.5%) and one (7.1%) presented with ground-glass opacities
and nodules, two (8.3%) and one (7.1%) presented with consolida-
tions and nodules, and one (4.2%) and zero (0%) presented with
consolidations and small pleural effusion. Fibrous cord or linear
opacities and lymphadenopathy were not observed in any of the
patients. There were two (8.3%) cases with respiratory syncytial virus
coinfection in the control group, and one (7.1%) case with influenza B
coinfection in the RP group (Table 1).

The RP group had a relatively higher WBC count (7.5[5.1-9.8] vs.
4.8 [4.4-7.5]; p=.009) and longer plasma prothrombin time (PT;
[12.6 £0.7] vs. [12.1 £ 0.5]; p =.023), while the percentage and count
of neutrophil and lymphocyte, hemoglobin, and platelet count, ery-
throcyte sedimentation rate, high sensitivity C-reactive protein (hs-
CRP), interleukin-6 (IL-6), procalcitonin (PCT), activated partial
thromboplastin time (APTT; [37.5 +4.6] vs. [34.2+5.1]; p=.057), fi-
brinogen (FIB), antithrombin Il (ATIII), and b-dimer showed no sta-
tistical difference (Tables 2 and S1). In addition, there were no
statistically significant differences in indicators related to liver and
kidney function, Troponin | (Table S1).

Twelve (50%) out of 24 in the control group and 10 (71.4%) out
of 14 in the RP group had humoral immune function tested. There
were no statistical differences in IgG, IgA, 1gM, C3c, and C4 between
the two groups (Table S2).

Nine (64.3%), three (21.4%), and two (14.3%) out of 14 pediatric
patients with RP were readmitted to the hospital once, twice, and

three times, respectively. During the first readmission, no case had a

TABLE 1 Clinical data between the

Items E,o:tzr:; RP (n=14) p OR 95% Cl control and RP groups during the onset of
COVID-19
Age (years) 7.6+51 72+48 790
Male gender: n (%) 11 (45.8%) 5 (35.7%) 735
Hospital stay (days) 16 (12-22.5) 14 (13-21) 1.000
Fever: n (%) 11 (45.8%) 3(21.4%) 175
Respiratory symptoms: n (%) 12 (50.0%) 10 (71.4%) .309
Digestive symptoms: n (%) 1 (4.2%) 3(21.4%) 132
Fever and respiratory symptoms: n (%) 7 (29.2%) 3 (21.4%) 715
Respiratory and digestive symptoms: n (%) 1 (4.2%) 3(21.4%) 132
Asymptomatic: n (%) 8 (33.3%) 4 (28.6%) 1.000
CT positive findings: n (%) 20 (83.3%) 12 (85.7%) 1.000
Coinfection: n (%) 2 (8.3%) 1(7.1%) 1.000

Family cluster infection: n (%) 14 (58.3%) 13 (92.9%)

.030 1.59 1.10-2.30

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease-2019; CT, computerized

tomography; OR, odds ratio; RP, redetectable positivity.
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TABLE 2 Laboratory data between the
control and RP groups at the first test after
admission

Items

WBC: (x10%/1) (5-12)

Percentage of neutrophil: (%) (40-75)
Percentage of lymphocyte: (%) (20-50)
Neutrophil count: (x10%/L) (1.8-6.3)
Lymphocyte count: (x107/L) (1.1-3.2)
hs-CRP: (mg/L) (0-8)

PCT: (ng/mL) (0-0.1)

IL-6: (pg/mL) (0-7)

PT: (s) (11-15.1)

APTT: (s) (28-43.5)

p-dimer: (ug/ml) (0-0.5)

‘) WILEYy— %

Control (n=24) RP (n=14) p

4.84 (4.35-7.54) 7.49 (5.08-9.84) .009
37.5 (31.1-44.4) 48.7 (12.3-55.7) 135
50.8 (44.2-56.2) 40.6 (34.9-79.2) .180
2.1 (1.4-2.9) 2.9 (1.7-4.0) 152
2.5 (1.9-3.6) 3.0 (2.2-5.7) .301
0.6 (0.4-2.9) 1.2 (0.6-2.7) 212
0.05 (0.03-0.06) 0.04 (0.02-0.08) .709
2.9 (1.9-4.1) 3.0 (1.9-6.3) .846
12.1+0.5 12.6+0.7 .023
34.2+51 37.5+4.6 .057
0.32 (0.26-0.42) 0.32 (0.22-0.42) 777

Abbreviations: APTT, activated partial thromboplastin time; hs-CRP, high sensitivity C-reactive
protein; IL-6, interleukin-6; PCT, procalcitonin; PT, prothrombin time; RP, redetectable positivity;

WBC, white blood cell.

fever, two (14.3%) cases had digestive symptoms, five (35.7%) cases
had respiratory symptoms, and seven (50%) cases were asympto-
matic. There were 10 (71.4%) cases with positive CT findings, of
which three (21.4%) were bilateral, seven (50%) were unilateral, two
(14.3%) presented with improved ground glass opacities, four (28.6%)
presented with absorbed consolidations, three (21.4%) presented
with nodules, and one (7.1%) presented with fibrous linear opacities.
Pleural effusion and lymphadenopathy were not observed (Table S3).

At five time points, 14 (100%), 11 (78.6%), 7 (50%), 7 (50%), and
4 (28.6%) out of 14 in the RP group and 10 (41.7%), 6 (25%), 13
(54.2%), 7 (29.2%), and 4 (16.7%) out of 24 in the control group had T
lymphocyte subclassification respectively tested (Table S4). The
percentage ([30.5+3.3] vs. [36.5+5.5]; p=.027) and count (781
[747-874] vs. 953 [874-1099]; p =.048) of CD4+ T lymphocytes in
the RP group were significantly lower than those in the control group
at 2 months after discharge (Figure 1A,B). Conversely, the percen-
tage ([25.9 £4.7] vs. [21.7 £ 2.8]; p=.051) and count (773 [622-983]
vs. 525 [465-656]; p=.044) of CD8+ T lymphocytes were sig-
nificantly higher in the RP group than the control group at 2 weeks
after discharge (Figure 1C,D). The CD4*/CD8" ratio was lower in the
RP group than the control group at 2 weeks ([1.33+0.34] vs.
[1.66 £0.21]; p=.051) and 2 months ([1.13+0.19] vs. [1.35+0.18];
p =.041; Figure 1E). The WBC counts were as follows: 14 (100%), 13
(92.9%), 11 (78.6%), 7 (50%), and 6 (42.9%) out of 14 in the RP group
and 24 (100%), 9 (37.5%), 11 (45.8%), 9 (37.5%), and 4 (16.7%) out of
24 in the control group (Table S5). In the first 2 months after dis-
charge, the WBC count in the RP group was always higher than that
in the control group, and it continued to decline, reaching the lowest
point at 2 months, but there were no statistically significant differ-
ences between the two groups (Figure 1F).

A total of 401 swabs (average 10.6 times per patient) during
disease onset and 286 swabs (average 7.5 times per patient) during
recovery were tested for SARS-CoV-2 by RT-PCR. During disease

onset nasopharyngeal swab positivity was 168 out of 307 (54.7%)
and anal swab positivity was 14 out of 94 (14.9%), while during re-
covery nasopharyngeal swab positivity was 27 out of 155 (17.4%)
and anal swab positivity was 39 out of 131 (29.8%) (Table 3). Si-
multaneous RT-PCR tests of both anal and nasopharyngeal swabs
were performed during the disease onset (total 77, average 2 times
per patient) and during the recovery (111, average 3 times per pa-
tient). During disease onset, the number of single positive naso-
pharyngeal swabs was 25 (32.5%) while the number of single positive
anal swabs was four (5.2%). During recovery, the number of single
positive nasopharyngeal swabs was eight (7.2%) while the number of
single positive anal swabs was 28 (25.2%). The number of double-
positive for nasopharyngeal and anal swabs were eight (10.4%)
during disease onset versus five (9.9%) during recovery, while the
number of double negative swabs were 40 (51.9%) during disease
onset versus 64 (57.7%) during recovery. There were significant
differences in the positivity rate of RT-PCR based on the sample
collection method and disease phase. There was no statistically sig-
nificant difference in the double positivity or double negativity of
nasopharyngeal and anal swabs respective of the disease phase
(Table 4).

4 | DISCUSSION

Among 38 pediatric patients, we observed, most of them had mild
symptoms or were asymptomatic, and none of them were severely ill,
which was consistent with the report by Zachariah et al.” Our study
found that children have a higher percentage of RP compared with
adults. Compared with the control group, the RP group had a higher
proportion of family cluster infections. Family cluster infection in-
dicates that SARS-CoV-2 may be very infectious and has the ability of

sustained person-to-person transmission.’®** According to our
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FIGURE 1 Five time points: 1 for the first result after COVID-19 admission; 2, 3, 4, and 5 for 2 weeks, 1 month, 2 months, and 3 months
after hospital discharge, respectively. Points on the line chart represent mean (A, C, E, and F) or median (B and D), n = 4-24 per condition for
non-RP (control) group, and n =4-14 per condition for the RP group. COVID-19, coronavirus disease-2019; RP, redetectable positivity

[Color figure can be viewed at wileyonlinelibrary.com]

observation, close contacts of individuals with RP generally had their
clinical symptoms resolved first, and whose SARS-CoV-2 nucleic acid
also turned negative first. Also, they did not exhibit the onset of
reinfection or RP during the follow-up period. Furthermore, re-
covered patients had to be isolated at home for 2 weeks after dis-
charge and almost had no contact with the outside world. Therefore,
the possibility that individuals exhibiting RP were reinfected by other
patients is very low. RP is more likely to mean that the previously
infected SARS-CoV-2 was not completely cleared, which has

complicated decision-making around discontinuing isolation or home

1.2 observed the highest viral load in throat

quarantine.” He et a
swabs at the time of symptom onset and inferred that infectivity
peaked on or before symptom onset. These observations indicate
that early droplet isolation and disinfection of the home environment
may be the top priority for cutting off SARS-CoV-2 transmission in
households and reducing RP.*

The underlying viral clearance mechanism in children is still not

completely understood.’* CD4+ T lymphocytes are the center of the
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TABLE 3 Positive rate of RT-PCR results
of swabs during the onset and recovery of
COVID-19 Course of COVID-19
Onset

Recovery

p value
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Swab test positive rate (%)

Anal Nasopharyngeal p OR 95% ClI

14 of 94 (14.9%) 168 of 307 (54.7%) <.001* 0.145 0.079-0.267
39 of 131 (29.8%) 27 of 155 (17.4%) .017* 2010 1.149-3.515
.011** <.001* N/A N/A N/A

Abbreviations: Cl, confidence interval; COVID-19, coronavirus disease-2019; OR, odds ratio;
RT-PCR, real-time reverse transcriptase polymerase chain reaction.
*Anal versus nasopharyngeal.

**Onset versus recovery.

immune system, helping in the production of antibodies. CD8+ T lym-
phocytes mediate cellular immunity and play a vital role in the immune
response to viral infections. Chu et al.>> demonstrated that Middle East
respiratory syndrome coronavirus (MERS-CoV) infection can induce T
lymphocytes apoptosis through the activation of external and intrinsic
apoptotic pathways. Coleman et al.’® found that the depletion of CD4+,
CD8+ T lymphocytes, or macrophages had no effect on the replication of
MERS-CoV in the infected lungs of mice. Earlier studies had demon-
strated that SARS-CoV, which shares the same cell entry receptors with
MERS-CoV, could infect immune cells including T lymphocytes, mono-
cytes, and macrophages. CD4+ and CD8+ T lymphocytes decreased at
the onset of illness.!”'® These studies indicate that the reduction of T
lymphocytes may contribute to the continuous replication of SARS-CoV-2
and RP. However, our investigation did not observe a similar change, and
no significant differences were detected between the two groups at the
first test after admission. This discrepancy may present for the following
reasons: first, the pathogenicity of SARS-CoV-2 may be weaker than
other coronaviruses.’”?° The sampling time point may be in the early
stage of COVID-19. Children's immune response is different from adults',
relatively slower and weaker.?® This may also explain why children's
COVID-19 is more asymptomatic or mild.>> Second, the sample size is
small, and there are many missing values in the control group, which may
be different from the true level. But interestingly, the dynamic changes of
CDA4+ and CD8+ T lymphocytes in the recovery period showed obvious
differences between groups and time asynchrony. CD8+ T lymphocytes

TABLE 4 Distribution of positive results in simultaneous RT-PCR
testing of anal and nasopharyngeal swabs during the onset and
recovery of COVID-19

RT-PCR results: (%) Onset Recovery p

Single positive for <.001

nasopharyngeal swab

25 (32.5%) 8 (7.2%)

Single positive for anal swab 4 (5.2%) 28 (25.2%) <.001
Both positive 8 (10.4%) 11 (9.9%) 1.000
Both negative 40 (51.9%) 64 (57.7%) .459

Total 77 (100%) 111 (100%) x*=27.521,

p<.001

Abbreviations: COVID-19, coronavirus disease-2019; RT-PCR, real-time
reverse transcriptase polymerase chain reaction.

of the control group declined very early and reached the lowest point at
2 weeks, then gradually increased, while that of the RP group did not
decline significantly over this interval. On the contrary, CD4+ T lym-
phocytes of the RP group declined slowly and reached the lowest point at
2 months, while that of the control group rose at this time. In summary,
CD8+ T lymphocytes of the control group at 2 weeks and CD4+ T
lymphocytes of the RP group at 2 months were most significantly de-
pleted. Our data suggest that the first 2 months of the recovery of
COVID-19 in children may be a critical period for SARS-CoV-2 clearance,
and immunomodulatory targeting CD4+ and CD8+ T lymphocytes may
be a promising treatment. The average WBC count of pediatric patients
in our investigation was generally within the normal reference range,
consistent with related reports.”* But the WBC count was significantly
higher in the RP group than the control group at the first test after
admission. After hospital discharge, the WBC count of both groups
continued to decline synchronously and reached their lowest point at 2
months. As far as we know, there is still no accurate answer to why the
WABC in the RP group is higher than the control group. However, PCT, hs-
CRP, and IL-6 are within the normal range and there is no difference
between the two groups, suggesting that the impact of coinfection is
negligible. We speculate that this may be related to the weak response of
the innate immune system and the reduction of WBC depletion.

The coagulation cascade is activated during viral infections. This
response may be part of the host's defense system to limit the spread
of a pathogen.?? However, excessive activation of the coagulation
cascade can be deleterious. Tissue factor appears to be the major
activator during viral infection.?® Tang et al.?>® found that non-
survivors of COVID-19 showed significantly higher levels of p-dimer,
longer PT, and APTT.?®> We also observed a similar change. Com-
pared with the control group, the PT and APTT of the RP group were
prolonged, but there was no significant difference in FIB, ATIII, and p-
dimer. This suggests that the activation of the exogenous coagulation
pathway with tissue factor as the starting point may be involved in
the process of immune clearance of SARS-CoV-2 in children. At
present, there is still too much unknown, and the specific role
and mechanism of the activation of the coagulation cascade in
SARS-CoV-2 clearance needs to be further explored.

The RT-PCR based on spike gene and N gene were widely used
for detecting SARS-CoV-2, and are considered a gold standard for
confirmed COVID-19. However, this method had its limitations, such

as false positive or false negative results, faulty sampling, and
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inconsistencies in positivity.”* In addition to viral reinfection and
latent infection, the RP during the convalescence phase has the fol-
lowing possibility: (a) the previous negative at the time of hospital
discharge may be a false negative.?® (b) Faulty sampling can occur,
due insufficient viral load and uneven distribution of different ana-

1226 (c) There may be false results or inconsistencies in

tomic sites.
positivity caused by contamination of specimens, virus residues and
intermittent release. Li et al.?® found that the false-negative rate of
RT-PCR might be very high, and the test results of pharyngeal swab
specimens were variable and potentially unstable. Virological as-
sessment also showed that pharyngeal virus shedding was very high
during the first week of the onset of COVID-19 and peaked on the
fourth day.?” It has recently been reported that SARS-CoV-2 may
exist in the gastrointestinal tract for a longer time than the re-
spiratory system, and viral RNA remains positive in stools of pediatric
patients for longer than 4 weeks.?® These studies suggest an urgent
need for standardized sampling from different anatomic sites ac-
cording to the course of COVID-19 to improve the accuracy and
positive rate of RT-PCR. We also observed inconsistencies in RT-PCR
positivity of nasopharyngeal and anal swabs. During the onset, the
positive rate of nasopharyngeal swabs was higher, and only a few
specimens of anal swabs showed positive later this period. During the
recovery, the positive rate of anal swabs was significantly higher than
that of nasopharyngeal swabs. Our data indicate that nasopharyngeal
swab sampling during the onset and anal swabs sampling during the
recovery may improve the positive rate of RT-PCR.

There are several limitations in our retrospective cohort study. First,
due to the small sample size of the single-center research hospital, logistic
regression analysis cannot be used to control confounding factors.
Second, the patients may be in different stages of COVID-19 when they
are admitted to the hospital. Third, some children's lymphocyte sub-
classification data is missing at certain time points, which may not reflect
the true difference. Therefore, these results should be carefully inter-
preted owing to potential selection bias and residual confounding. Larger
cohort studies from other cities in China and other countries may also be

needed to provide further data support.

5 | CONCLUSIONS

Family cluster infection, higher WBC count, and longer PT are the
early risk factors for RP in recovered COVID-19 children. Early ac-
tivation of coagulation and WBC may be involved in SARS-CoV-2
clearance. The dynamic changes in the number and ratio of CD4+ and
CD8+ T lymphocytes during the convalescence phase may be in-
volved in prolonged SARS-CoV-2 clearance. Nasopharyngeal swabs
sampling during the onset and anal swabs sampling during the re-
covery may improve the positivity rate of RT-PCR.
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