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Abstract
Objective To report the frequency of asymptomatic infection with SARS-CoV-2 in pediatric patients undergoing invasive 
medical procedures in a tertiary pediatric hospital.
Methods From June to October 2020, a SARS-CoV-2 real-time reverse-transcription polymerase chain reaction (rRT-PCR) 
test was performed for all pediatric patients scheduled to undergo an elective invasive procedure. None of the patients was 
symptomatic. The cycle threshold (Ct) values of the ORF1ab gene were recorded for all patients.
Results A total of 700 patients were screened for SARS-CoV-2 infection. The median age was 5.7 y old. In total, 46.6% 
(n = 326) of the patients were male, and 53.4% (n = 374) were female. The most common underlying diseases were hemato-
oncological (25.3%), gastrointestinal (24.9%), and genitourinary (10.3%). The main scheduled surgical–medical procedures 
were surgical treatment for acquired congenital diseases, biopsy sampling, local therapy administration, organ transplantation, 
and the placement of central venous catheters, among others. The SARS-CoV-2 rRT-PCR test was positive in 9.4% (66), and 
the median Ct value was 35.8. None of the patients developed COVID-19.
Conclusions The frequency of asymptomatic SARS-CoV-2 infection was detected in less than 10% of pediatric patients 
scheduled to undergo an elective invasive procedure in a tertiary hospital. This frequency is higher than those in reports 
from different countries.
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Introduction

In the last months of 2019, a new coronavirus was identified 
as the cause of a severe form of pneumonia in China. Coro-
navirus disease 2019 (COVID-19) is caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) [1–4].

There is controversy about the role of children and young 
adults in the spread of SARS-CoV-2. It seems that children 
could develop a mild upper respiratory infection after infection 
with SARS-CoV-2 with low viral shedding, indicating that 
they are seldom responsible for secondary cases, as reported 
by Zhu et al. [2, 5].

A systematic review showed that children accounted for 
1%–5% of all confirmed cases of COVID-19, and most of 
them presented with mild disease, in contrast with the adult 
population [6]. Even when cases of the disease are mild, trans-
mission of the virus is possible [7]. According to the data 
from a study in Korea that included 91 children younger than 
19 y, 22% of the children with a positive test did not develop 
symptoms of disease, 20% were in the presymptomatic period, 
and 58% were symptomatic. Tests to detect SARS-CoV-2 
were repeatedly performed in children to determine the dura-
tion of positivity for virus RNA. Overall, SARS-CoV-2 RNA 
was detected for a mean (SD) of 17.6 (6.7) d. In patients with 
asymptomatic cases, viral RNA was detected for a mean of 
14.1 (7.7) d, while symptomatic children with upper and lower 
respiratory tract infections were positive for a mean of 18.7 
(5.8) d and 19.9 (5.6) d, respectively [8].

Since the beginning of the pandemic, surgical societies 
and the College of Surgeons have recommended screening 
for SARS-CoV-2 infection in all patients scheduled to undergo 
surgery. The incubation period has been estimated to be 5.5 
d, and more than 90% of subjects who test positive for viral 
RNA are expected to develop symptoms 11 to 12 d after expo-
sure [9]. In the context of community transmission, it must 
be assumed that every patient could be infected with SARS-
CoV-2, even if the answers to the screening questions are 
negative, and the patient’s body temperature is normal [10].

Children with chronic diseases require ongoing medical care, 
and disruption in their planned treatment could have serious con-
sequences. Therapeutic and diagnostic procedures need to be per-
formed to ensure the safety of the patients and medical staff [11].

The objective of this study was to report the frequency 
of asymptomatic infection with SARS-CoV-2 in pediatric 
patients undergoing elective invasive procedures in a tertiary 
pediatric hospital.

Material and Methods

This cross-sectional study was performed from June 2020 
to October 2020 at a national tertiary pediatric referral 
center in Mexico City. For the writing of the study, the 

STROBE criteria were followed. Patients from 1 mo to 
18 y of age whose parents provided informed consent and 
who visited the outpatient clinic and underwent an elec-
tive invasive procedure were included. The elective pro-
cedures were surgical treatments for acquired congenital 
diseases, biopsy sampling, local therapy administration 
(such as intrathecal therapy), solid organ transplantation, 
and the placement of central venous catheters, among 
others.

In March 2020, the Mexican government implemented 
preventive measures to contain the pandemic; thus, in 
this tertiary pediatric hospital, only patients with sus-
pected cases of COVID-19 were treated, and the rest 
of the patients were referred to other hospitals. In June 
2020, routine activities were gradually resumed. Each 
week, more patients who had been previously treated in 
the hospital returned, and in August, new patients were 
also accepted. As part of the protocol implemented in the 
hospital, all patients undergoing elective invasive proce-
dures were screened at the first medical visit with ques-
tions about COVID-19 symptoms, close contact with con-
firmed cases in the previous 14 d, and exposure locations 
(if any). If the patient had no identifiable risk factors for 
SARS-CoV-2 infection, real-time reverse-transcription 
polymerase chain reaction (rRT-PCR) was used to detect 
the presence of SARS-CoV-2. Patients with clinical symp-
toms were referred to the respiratory triage area for further 
evaluation. Patients with an unclear exposure history were 
rescheduled for re-evaluation in two weeks.

The results of the rRT-PCR tests for SARS-CoV-2 were 
provided to the patients over the phone during the first 24 h 
after the samples were taken. Patients with a negative result 
continued with the procedures as scheduled. For those with 
a positive result, home isolation was mandated; in the case 
of mild symptoms (fever, tiredness, sore throat, coughing, 
nasal congestion, muscle or body aches, headache, or diar-
rhea), they were instructed to communicate with the hos-
pital’s call center; in the case of severe symptoms (trouble 
breathing, rapid respiration rate, flushed lips or face, oral 
intolerance, signs of dehydration, or new confusion), they 
were instructed to go immediately to the hospital’s emer-
gency room. Fifteen days after the positive SARS-CoV-2 
result, they were asked to return to the hospital for a full 
examination by the medical staff to determine whether they 
could continue with the elective procedures.

The protocol was evaluated and approved by the ethics 
and research committee of the hospital with registry num-
ber HIM-2020–023. The parent or legal guardian signed 
a written informed consent form, and each child provided 
written assent.

Infection with SARS-CoV-2 was detected by rRT-PCR 
with a combined nasopharyngeal and oropharyngeal swab 
sample. Total RNA was extracted and purified with the 
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robot QIAcube (QIAGEN) and the QIAamp® Viral RNA 
mini kit (QIAGEN) according to the protocol of the manu-
facturer and the current operational guidelines established 
by the Mexican Institute of Epidemiological Diagnosis and 
Reference [12] (Supplementary material). The cycle thresh-
old (Ct) values of the ORF1ab gene were recorded for all 
cases,with lower values indicating higher amounts of viral 
RNA.

For quantitative variables, Kolmogorov–Smirnov tests 
were performed to evaluate the normality of the distribu-
tion of the data; those with non-normal distributions are 
presented as medians and 95% confidence intervals. The 
patients were divided into two groups: those with COVID-
19 and those without COVID-19. Qualitative variables are 
presented as proportions and frequencies. STATA v.12.0 was 
used for the statistical analyses.

Results

Of the 777 potential candidates for inclusion, 77 were 
excluded because their parents refused to allow them to 
be tested for SARS-CoV-2. Of the 700 patients included 
in the study, the median age was 7.5 y, with a slight pre-
dominance of males (53.4%). The most frequent underly-
ing condition was hemato-oncological, followed by gas-
trointestinal and genitourinary (Table 1). The main type 
of surgical procedure or invasive medical procedure was 
the surgical correction of congenital deformities (42.9%, 
n = 300), followed by tumor resection surgery (16.6%, 
n = 116) and biopsy sampling (11.7%, n = 82) (Table 2).

Of the 700 patients analyzed, 9.4% (n = 66) had a posi-
tive test for SARS-CoV-2. In patients with a positive test 
for SARS-CoV-2, the main type of surgical procedure 
or invasive medical procedure was the surgical correc-
tion of congenital deformities (45.5%, n = 30), followed 
by tumor resection surgery (28.8%, n = 19) (Table 2). All 
corresponded to elective procedures. In these patients, the 
surgery was deferred due to the positive report, but all the 
patients were medically stable, and procedures were per-
formed as soon as possible after the follow-up evaluation. 
As shown in Fig. 1, the percentage of patients positive 
for SARS-CoV-2 varied over the 4 mo; the highest was in 
June (24.2%), and the lowest was in October (4.6%). The 
66 positive patients were re-evaluated at a second visit 
to identify the possible source of infection, and 66.6% 
(n = 44) reported contact with a household member with a 
probable or confirmed case.None of the patients presented 
symptoms in the days after the positive test result.

In the 66 asymptomatic COVID-19 patients, the Ct val-
ues were high, with values ranging from 31.98 to 37.81, 
indirectly indicating a low viral load. Across the months, 
the Ct values were similar (Fig. 1).

Discussion

Different strategies have been established in pediatric hos-
pitals to ensure the safety of patients and hospital staff. 
In one hospital in England, children undergoing elective 
surgery were asked to isolate within their home for 14 d 
and then underwent rRT-PCR testing before surgery; of 

Table 1  General characteristics 
of the included patients

* Median (95% confidence interval)

Total Negative Positive
n = 700 n = 634 n = 66

Frequency (%)
Age (years)* 7.5 (7–8) 8 (7–8) 5 (3.5–8)
Female sex 326 (46.6) 296 (46.7) 30 (45.4)
Disease evolution time (months)* 24 (24–24) 24 (24–24) 24 (12–36)
Type of pathology
 Hemato-oncological 177 (25.3) 154 (24.3) 23 (34.9)
 Gastrointestinal 174 (24.9) 157 (24.8) 17 (25.8)
 Genitourinary 72 (10.3) 66 (10.4) 6 (9.1)
 Cardiopulmonary 64 (9.1) 62 (9.8) 2 (3.0)
 Otorhinolaryngeal 53 (7.6) 52 (8.2) 1 (1.5)
 Neurological 45 (6.4) 37 (5.8) 8 (12.1)
 Renal 35 (5.0) 33 (5.2) 2 (3.0)
 Ophthalmic 31 (4.4) 28 (4.4) 3 (4.6)
 Immunological 25 (3.6) 21 (3.3) 4 (6.1)
 Musculoskeletal 24 (3.4) 24 (3.8) 0 (0)

Cycle threshold (Ct)* 35.8 (34.4–36.5)
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a total of 501 elective procedures, only 2.6% had to be 
cancelled due to SARS-CoV-2 infection [13]. In contrast, 
this study detected asymptomatic SARS-CoV-2 infections 
in 9.4% of the pediatric patients scheduled for an inva-
sive procedure. In the present case, no recommendation to 

self-isolate was made, and Mexico has been experiencing 
sustained community transmission since April 21, 2020. 
Specific pediatric populations that need ongoing medical 
care have been screened for SARS-CoV-2 infection, as 
they cannot maintain a complete quarantine and need to 

Table 2  Type of surgical or 
invasive medical procedures 
according to SARS-CoV-2 rRT-
PCR test

Total Negative Positive
n = 700 n = 634 n = 66

Frequency (%)

Surgical correction of congenital deformities 300 (42.9) 270 (42.6) 30 (45.5)
   Gastrointestinal 91 (30.3) 77 (12.1) 14 (21.2)
   Cardiopulmonary 64 (21.4) 62 (9.8) 2 (3.0)
   Genitourinary 61 (20.3) 56 (8.8) 5 (7.6)
   Otorhinolaryngeal 36 (12.0) 35 (5.5) 1 (1.5)
   Neurological 34 (11.3) 26 (4.1) 8 (12.1)
   Musculoskeletal 14 (4.7) 14 (2.2) 0 (0.0)

Tumor resection surgery 116 (16.6) 97 (15.3) 19 (28.8)
   Central nervous system 28 (24.1) 24 (3.8) 4 (6.1)
   Osseous 27 (23.3) 26 (4.1) 1 (1.5)
   Abdominal 24 (20.7) 21 (3.3) 3 (4.5)
   Thyroid 16 (13.8) 11 (1.7) 5 (7.6)
   Others 21 (18.1) 15 (2.4) 6 (9.1)

Biopsy sampling 82 (11.7) 78 (12.3) 4 (6.1)
   Oncological 42 (51.2) 42 (6.6) 0 (0.0)
   Immunological 25 (30.5) 21 (3.3) 4 (6.1)
   Neurological 11 (13.4) 11 (1.7) 0 (0.0)
   Others 4 (4.9) 4 (0.6) 0 (0.0

Local therapy applications 59 (8.4) 53 (8.4) 6 (9.1)
   Laser application 39 (66.1) 36 (5.7) 3 (4.5)
   Sclerotherapy of esophageal varices 20 (33.9) 17 (2.7) 3 (4.5)

Surgical treatment of acquired disease 53 (7.6) 52 (8.2) 1 (1.5)
   Otorhinolaryngeal 41 (77.4) 41 (6.5) 0 (0.0)
   Genitourinary 11 (20.7) 10 (1.6) 1 (1.5)
   Musculoeskeletal 1 (1.9) 1 (0.2) 0 (0.0)

Kidney and liver transplantation 29 (4.1) 28 (4.4) 1 (1.5)
Placement of central venous catheter 22 (3.1) 21 (3.3) 1 (1.5)
Application of intrathecal therapy and biopsy 16 (2.3) 12 (1.9) 4 (6.5)
Others 23 (3.3) 23 (3.6) 0 (0.0)

Fig. 1  Cycle threshold values 
(a) and proportion of patients 
positive for infection with 
SARS-CoV-2 (b) stratified 
by month and the percentage 
positive for SARS-CoV-2 in 
Mexico City. COVID-19 Coro-
navirus disease 2019; Ct Cycle 
threshold; rRT-PCR Real-time 
reverse-transcription polymer-
ase chain reaction
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attend follow-up visits and receive scheduled treatments. 
For example, in Wuhan, the epicenter of the COVID-19 
pandemic, the frequency of asymptomatic SARS-CoV-2 
infection in a group of children with hemato-oncological 
diseases was very low (0.33%) [14]. In New York City, 
the frequency of infection in 120 asymptomatic cancer 
patients without known exposure to SARS-CoV-2 was 
2.5% from March 10 to April 12, 2020 [15]. In this cross-
sectional study, the highest percentage of positivity was 
observed in children with hemato-oncological diseases 
(23/177, 12.9%), followed by children with gastrointesti-
nal diseases (17/174, 9.7%).

This study was conducted at the Hospital Infantil de 
México Federico Gómez (HIM), which is one of four ter-
tiary pediatric hospitals located in Mexico City. This hos-
pital serves patients who do not have social security, and 
patients are referred from all over the Mexican Republic. 
During the pandemic, the Government of Mexico decreed 
the conversion of this hospital to a designated hospital 
for the exclusive care of pediatric patients with COVID-
19, which necessitated the cessation of clinical care for a 
significant number of patients who needed medical and 
surgical management of diseases other than COVID-19. 
Given the decreasing number of cases of COVID-19 in 
Mexico City, the hospital restarted care in June 2020 
for patients with other diseases, particularly those with 
hemato-oncological and renal problems. All of the above 
factors could partly explain why the percentage of positiv-
ity for COVID-19 declined from June to October. Fewer 
children were cared for in the first few months, as the hos-
pital gradually began to admit patients for surgical proce-
dures; 33 children were admitted in June, 97 were admitted 
in July, and 219 were admitted in October. However, the 
reduction in the proportion of patients who were positive 
for SARS-CoV-2 is more likely related to the evolution 
of the pandemic in Mexico City, as there was a signifi-
cant decrease in positivity from June (43.92%) to October 
(31.09%), as was also shown in Fig. 1b [4].

Several hospitals have implemented universal screening 
programs in which all patients, not just patients who will 
undergo surgery, are screened. Any patient who enters a 
medical facility could be infected with SARS-CoV-2 and 
transmit the virus. If aerosol-generating procedures are 
needed, the risk is increased for all healthcare personnel. 
According to the results of the study by Poline et al. a sys-
tematic screening of children admitted to the hospital should 
be implemented; in a prospective multicenter study in four 
tertiary pediatric hospitals in Paris performed between 15 
and 30 April 2020, they identified positive SARS-CoV-2 
RT-PCR tests in 22 of 438 children (5.0%) [16]. It is note-
worthy that in the present study, 66.6% of the children with 

a positive RT-PCR test reported having had contact with an 
infected household member, while only 3.1% (22/700) of the 
children with a positive RT-PCR test reported not having had 
contact with a household member with COVID-19. There-
fore, the epidemiological history of contact could be used 
to optimize screening programs, and RT-PCR tests could be 
performed in children at high risk of infection.

It is important to highlight that the frequency of SARS-
CoV-2 infection in these asymptomatic pediatric patients 
who visited a pediatric hospital was higher than those 
reported in other countries with sustained community trans-
mission. However, it needs to be clarified that the group of 
children who were screened for SARS-CoV-2 in this study 
do not represent the general pediatric population related 
to age, health status, immunologic status, or demographic 
factors. Thus, recognizing the existence of asymptomatic 
cases reinforces the importance of health care workers using 
appropriate personal protective equipment, including N95 or 
equivalent respirators and eye protection when performing 
aerosol-generating procedures during the pandemic [17–19].

A positive SARS-CoV-2 RT-PCR test in an asymptomatic 
patient does not imply a high risk of transmission. Ct values 
are affected by many variables, such as the number of days 
from infection to specimen collection, testing method, speci-
men source, type of transport media, time from collection 
to analysis, and amount of viral RNA that can be detected 
by a particular assay, among others. Currently, there is no 
standardized reference that can be used to validate the Ct 
values. While the value could reflect the fact that the patient 
was in the last days of the infection, it is difficult to arrive 
at an accurate interpretation based on a single specimen; in 
the present study, the median Ct value was similar in every 
month and was always ≤ 36 [20, 21].

As new data emerged every day, medical associations 
publish the recommendations for the best time of surgery. 
According to the Association of Anaesthetists, the Center 
for Peri-operative Care, the Federation of Surgical Spe-
cialty Associations, the Royal College of Anaesthetists and 
the Royal College of Surgeons of England, elective sur-
gery should not be scheduled within 7 wk of a diagnosis of 
SARS-CoV-2 infection unless the risks of deferring surgery 
outweigh the risk of postoperative morbidity or mortality 
associated with COVID-19 [22].

Among the limitations of this study was that the source 
of infection was difficult to identify; the results cannot be 
generalized to populations other than children attending 
this pediatric hospital, both because it was carried out in a 
tertiary care hospital, and the patient selection process was 
for convenience. In addition, in some cases, parents were 
unwilling to disclose all relevant information because they 
wanted to avoid deferring the procedures.
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Conclusion

The frequency of asymptomatic infection with SARS-CoV-2 
in pediatric patients undergoing invasive medical procedures 
in a tertiary pediatric hospital was 9.4%. This frequency is 
higher than those in reports from different countries.
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