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The aim. Investigation of nasopharyngeal SARS-CoV-2 viral load in newborns with COVID-19 of different severity.
Materials and methods. The main group was composed of 44 newborns with RT-PCR confirmed COVID-19. 168 children aged from 1 month 

to 17 years old with RT-PCR confirmed COVID-19 were included in the group of comparison. SARS-CoV-2 viral load was measured as amount 
of viral RNA copies in 1 ml of nasopharyngeal mucosa using the regression model and presented as lg of the amount. The results presented as 
Me[Q1;Q3]. 
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Introduction. COVID-19 pandemic 
challenged worldwide healthcare sys-
tem. Since understanding of the patterns 
of infection spread and mechanisms of 
its interaction with the human body are 
incomplete, it is of particular importance 
to search for reliable and accessible clin-
ical and/or laboratory criteria, allowing 
to predict the features of the course and 
outcomes of the disease in a particular 
person.

The children's population is also sus-
ceptible to COVID-19 infection, but, un-
like adults, it is more heterogeneous in 
the context of immune response char-
acteristics. In general, the clinical ex-
perience accumulated during the fight 
against the new coronavirus infection 
suggests a milder course of COVID-19 in 
children: as acute respiratory viral infec-
tion and nasopharyngitis. The fact does 
not reduce the importance of identifying 
predictors of severe forms, such as pneu-
monia, acute respiratory distress syn-
drome, as well as multisystem inflamma-
tory syndrome [3-5, 18, 27], which could 
contribute to the early diagnosis of the 
adverse development of the disease. As 
polymerase chain reaction (PCR) is gen-
erally accepted method for COVID-19 
confirming, data on the amount of viral 

genetic material on the mucosa of the 
upper respiratory tract – nasopharyngial 
viral load (VL) can be used as an avail-
able prognostic criterion. In addition, this 
indicator, unlike the clinical picture, has 
not been studied in newborns, which 
makes the presented materials unique. 
The work continues a series of clinical 
and epidemiological studies of COVID-19 
infection in the pediatric population [1, 2, 
7-9, 15].

The aim. To study the level of 
SARS-CoV2 viral load in newborns with 
COVID-19 infection.

Material and methods. Two groups 
of children with a positive SARS-CoV-2 
PCR test of a nasopharyngeal smear 
were examined. The main group includ-
ed 44 newborns. The comparison group 
included 168 children aged from 1 month 
to 17 years, of which: 5 – children from 1 
month to 1 year, 12 – children 1-3 years, 
28 – children 3-6 years, 55 – children 7-11 
years and 70 – children from 12 to 17 
years. The nasopharyngeal VL of SARS-
CoV-2 was determined in both groups. In 
children of the main group, the severity of 
the disease and objective signs of lung 
damage were additionally established, 
in accordance with the data of computed 
tomography (CT) of the chest or radiog-
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Results. SARS-CoV-2 viral load in newborns was detected significantly higher as compared 
to children aged 1-17 years: 3,2×106[5,7×104; 7,8×107] and 1,3×105[2,6×104; 1,2×107] respec-
tively and no association has been revealed between nasopharyngeal SARS-CoV-2 viral load 
and disease severity, lung injury and the type of feeding.

Discussion. Nasopharyngeal SARS-CoV-2 viral load presumably reflects epidemiological 
circumstances and tends to decrease as the disease develops. It can be due to virus dissemi-
nation to lung tissue, vessel walls and other organs that followed by fall of number of viral parti-
cles in upper respiratory tract. While elimination of virus from mucosa on the early stages after 
infection probably depends on efficiency of innate immunity (which mechanisms can kill and/or 
impede virus invasion before immune response develops), viral load in blood and internal organs 
tissues, as well as favorable course of the disease, mainly depends on ‘proportionate’ immune 
response. So that, assessing the viral load and its significance for disease development should 
be performed considering the day after infection.

Conclusions. High level of nasopharyngeal SARS-CoV-2 viral load in newborns along with 
mostly mild COVID-19 course can be based on age-correlated features such as:  immature im-
munity mechanisms, low expression of ACE2 receptors, the absence of comorbidity and intake 
of innate immunity factors while breastfeeding.

Keywords: newborns, COVID-19, viral load, SARS-CoV-2, children, new coronavirus 
infection.
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raphy (Rg) of the lungs. The newborns 
were selected from children admitted to 
the “City Ivano-Matreninskaya Children's 
Clinical Hospital” Irkutsk, Russia in 2020-
2021yy. with a diagnosis of a New Coro-
navirus Infection (COVID-19).

Baseline characteristics of the main 
group: boys predominate in the sexu-
al structure – 65.9% (29/44); mean (M) 
age at admission is 4±3.1 days; weight 
and body length Me[Q1;Q3] at birth was 
3210[2720;3600] grams and 51[49.5;54] 
cm, respectively, body weight at admis-
sion – 3300 [2780;3660] grams. The ma-
jority of newborns in the group were born 
full-term 88.6% (n=39), with a gestational 
age of 39[38.2;40] weeks, were immedi-
ately breastfed and 65.9% were breast-
fed during the treatment (n=29).

During inpatient treatment, the con-
dition of 43.2% (n=19) newborns were 
assessed as mild, 38.6% (n=17) were of 
moderate, and 18% (n=8) were severe. 
CT- or Rg-signs of lung tissue injury 
("ground glass", "cobblestone pavement", 
"reverse halo" symptoms) were identi-
fied in 54.5% (n=24). The most frequent 
clinical symptoms were fever 34±13.9% 
(n=15) and a runny nose of 29.5±13.4% 
(n=13). There were no cases of respira-
tory distress syndrome, multisystem in-
flammatory syndrome and deaths among 
the examined newborns.

The isolation of the genetic material of 
nucleic acids from the samples was per-
formed with a set of reagents "RealBest 
extraction 100". RT-PCR studies were 
carried out using "Real-Best RNA SARS-
CoV-2" reagents and with the Real-time 
CFX96 Touch (BioRad) amplifier accord-
ing to the manufacturer protocol. The vi-
ral load (concentration of genome-equiv-
alents of the SARS-CoV-2 virus in 1 ml 
of nasopharyngeal fluid) was determined 
according to the method described ear-
lier [1].

Comparison between the groups was 
performed using Statistica 6.0 software 
(StatSoft, USA) using a nonparamet-
ric Mann-Whitney U-test, the differenc-
es were considered significant (*p) at 
p<0.05. Tabular data are presented in 
absolute numbers as median and inter-
quartile interval – Me[Q1;Q3]. The data 
in the figures are presented as a decimal 
logarithm (lg) of the normalized number 

of copies of viral RNA in 1 ml of naso-
pharyngial mucus [1].

The study was approved by the Eth-
ics Committee of the "Scientific Center 
for Family Health and Human Reproduc-
tion" (Protocol No. 6.1 of 06.19.2020). All 
participants or their legal representatives 
have signed an informed consent.

Results and discussion. The viral 
load of SARS-CoV-2 for all examined 
children was 1,3×105[2,6×104; 1,2×107]. 
In the group of newborns – 3.2×106/
ml (Table 1). that was significantly high-
er than in the pediatric population as a 
whole (according to Orlova E.A. et al.) 
(Figure 1) [1].

There were no differences of VL in 
groups of newborns with varying degrees 
of severity of the new coronavirus infec-
tion (Table 2).

Among children of all age groups, 
SARS-CoV-2 VL was maximum in the 
group of newborns; this indicator was 
significantly lower in children 3-11 years 
old (Figure 2).

The level of SARS-CoV-2 VL in breast-
fed newborns (n=23; 1,6×106[5,8×105; 

7,9×107]) did not differ (p=0.7) from 
VL in formula fed children (n=9; 
1.8×107[7.7×105; 6,6×108]) (Table 4).

Additionally, a comparison of the LV 
level in newborns with CT or Rg signs of 
lung tissue injury and without them was 
performed (Table 3). There was no con-
nection between the level of VL and the 
presence of lung injury (p=0.3) (Figure 3).

The accumulated clinical experience 
indicates a relatively low incidence of 
severe and complicated variants of 
COVID-19 in newborns. An asymptom-
atic or mild course does not exclude 
the fact of infection of children with the 
SARS-CoV-2 virus, which is confirmed 
by measuring the nasopharyngeal viral 
load, which is significantly higher than in 
the pediatric population as a whole [1, 6].

Today in the scientific literature, con-
troversial data can be found concerning 
the relationship of the VL level with the 
severity of the inflammatory process. A 
number of studies reveal a positive cor-
relation, however, most of the them indi-
cate the absence of a clear linkage be-
tween VL and the severity of the disease, 

SARS-CoV-2 viral load in newborns

Ме [Q1;Q3] copies/ml Min-Max

3.2×106

[5.7×104; 7.8×107] 1.2×103 – 3.3×1010

Table 1

Table 2

Fig. 1. SARS-CoV-2 viral load in 1-7 years old children and in newborns

SARS-CoV-2 viral load in newborns with COVID-19 of different severity 

Disease severity Viral load Me[Q1;Q3], copies/ml Significance
Mild, n=19 2.4×106 [4.8×105; 2.5×108]

Moderate, n=17 3.4×107 [1.5×107; 7.9×107] p1=0.9
Severe, n=8 2.2×105 [1.8×104; 3.2×106] p1=0.2; p2=0.2

p1 – as compared to Mild group (Mann-Whitney U-test), p2 – comparison between Moder-
ate and Severe group (Mann-Whitney U-test); the differences were considered significant at 
p<0,05.
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which is consistent with the data obtained 
in this work [19-24].

The results obtained suggest the fol-
lowing: VL level tends to decrease with 
the development of the disease, both in 
the case of positive dynamics and recov-
ery, and in the case of an unfavorable 
course. After infection, viral particles 
accumulate in large quantities on the 
mucous membrane of the nasopharynx 
– the entrance gate of infection, there-
fore, asymptomatic and patients in the 
early stages of the disease are the most 
dangerous epidemiologically. Over time, 
the virus invades the cells of the body, 
replicate and disseminate into various 
tissues, which leads to a decrease in the 
number of viral particles on the mucous 
membrane of the upper respiratory tract, 
but an increase in VL in target organs (for 
example, in lung tissue or in the vessel 
wall), thus, inducing damage of specific 
systems [11, 12].

 At the same time, the severity and 
outcome of the disease are determined 
not by the VL, but by the characteristics 
of individual reactivity, immune, in partic-
ular (considering the influence of comor-
bidity) [16, 17]. It follows that the level of 
nasopharyngial VL is, predominantly, a 
reflection of the epidemiological situation 
and effectiveness of nonspecific resis-
tance mechanisms of the mucosa, while 
the number of viral particles in the inter-
nal environment depends mainly on the 
effectiveness of the immune response. 
Also it can indicate insufficiently stud-
ied, genetically determined features of 
somatic and/or immune cells, for exam-
ple, the receptor apparatus, which makes 
some individuals prone to severe course 
[2, 12, 23-26].

This assumption is confirmed by the 
results of a number of studies aimed 
at studying the immune response in 
COVID-19: in asymptomatic patients and 
in patients with mild infection, specific 
antibodies to SARS-CoV-2 antigens are 
not detected or are present in low levels, 
unlike patients with a pronounced clinical 
manifestation [12, 13, 15, 16]. The fact 
allows hypothesize about the elimination 
of the virus from the mucous membrane 
before the development of a complete 
immune response. The period of time 
– from infection to the collection of bio-
material, also matters, as significantly af-
fects the interpretation of the results.

Conclusions. The SARS-CoV-2 VL 
in newborns is significantly higher than 
in the pediatric population as a whole. At 
the same time, there is no evidence of the 
correlation between clinical severity and 
nasopharyngeal VL. The predominantly 
mild course of COVID-19 in newborns 

SARS-CoV-2 viral load in newborns with and without lung injury

Group of newborns Viral load Me [Q1;Q3] copies/ml Min-Max

Lung injury, n=19 3.2×106 [7.6×105; 4.9×108] 3.2×105 – 1.3×109

No lung injury, n=9 1.5×106 [1.8×104; 3.4×107] 1.2×103 – 3.3×1010

Table 3

Fig. 3. SARS-CoV-2 viral load in newborns with lung injury and without lung injury

SARS-CoV-2 viral load according to newborns`s type of feeding

Type of feeding Viral load Me[Q1;Q3], copies/ml Significance

Breast feeding, n=23 1.6×106[5.8×105; 7.9×107]
Formula feeding, n=9 1.8×107[7.7×105; 6.6×108] p=0.7

Сравнение выполнено с использованием U-теста Манна-Уитни, отличия значимы при 
p<0,05.

Table 4

Fig. 2. SARS-CoV-2 viral load in children of different age
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may be due to age-related features: 
immaturity of their own immune mech-
anisms, low expression and functional 
activity of angiotensin-converting en-
zyme 2 receptors, which is necessary for 
invasion into the target cell, the absence 
of comorbidity and the consumption of a 
number of resistance factors with breast 
milk, including secretory antibodies [5, 
10, 14, 18, 28].
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