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Abstract

Knowledge on the mechanisms of viral spread, of time‐related changes, and age‐
specific factors of severe acute respiratory syndrome coronavirus 2 infections is

important to develop recommendations aimed at controlling the pandemic. In this

context, longitudinal data on proportions of positive results in different age groups

are rare. Data on total positive counts and on shares of positive counts deriving

from a private (MVZ) and a University (RWTH) laboratory were analyzed retro-

spectively and compared with public data on total positive counts of the Robert

Koch Institute (RKI). Data were covered for Weeks 9–24 of the year 2020 and all

patient ages. Total positive counts were lower in children compared to adults.

Proportions of children and adults tested positive were 3%–5% and 5%–7%, re-

spectively. RKI and MVZ data showed similar time‐related patterns. Patients of

20–60 years of age did account for the initial virus spread (maximum infection rates

at Weeks 9–11). Thereafter, infection rates decreased in older patients whereas

children did not show a comparable time‐related decrease. Pediatric data generated

in outpatient settings and hospitals differed markedly which should be considered in

further studies. In summary, compared with adults children are less affected by

severe acute respiratory syndrome coronavirus 2 infections and are unlikely to

account for the initial viral spread. However, children show sustained viral activity

and may serve as a viral reservoir.
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1 | INTRODUCTION

Children play a particular role in the concepts aiming at controlling

severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2)
infections. They are less affected clinically than adults regarding

numbers of infected individuals and disease severity. Prevention

concepts are more difficult to enforce: the younger, the less they will

tolerate masks or respect physical distancing; the most important

tools to prevent SARS‐CoV‐2 transmission. Similar to adults, typical

symptoms in children are fever, respiratory problems, and, less fre-

quently, enteritis. Children may show prolonged respiratory and fe-

cal viral shedding as viral RNA has been detected for more than 4

weeks in respiratory and stool specimens.1–7 Transmission of SARS‐
CoV‐2 by children, however, has been reported to be considerably
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less frequent than by adults and most pediatric infections could so

far be attributed to intrafamilial transmission.8–11 These data de-

termine pediatric infection control recommendations including con-

troversially discussed decisions on the closure of schools and

nurseries.12–15

One important tool to elucidate the role of children in the SARS‐
CoV‐2 pandemic are longitudinal investigations of total counts of

SARS‐CoV‐2 positive patients and of the share of positive test re-

sults among all patients tested. In this context, the course of the

pandemic in the west of the German state of North Rhine‐
Westphalia was analyzed retrospectively, based on SARS‐CoV‐2
polymerase chain reaction (PCR) data from a commercial laboratory

(MVZ Dr. Stein und Kollegen in Mönchengladbach, Germany; MVZ)

and the Laboratory Diagnostics Center of RWTH Aachen University

Hospital (RWTH). These data were compared to data from the

German nationwide infection surveillance of the Robert Koch In-

stitute (RKI; 188,133 datasets), a federal office, providing data on the

number of patients infected with SARS‐CoV‐2 throughout Germany

which derive from public health offices of all counties. These data are

publicly accessible via the “surfstat” database (https://survstat.rki.de)

and crucial for decisions of the German government aimed at con-

trolling the COVID‐19 pandemic.

2 | METHODS

Data obtained from the MVZ and RWTH laboratories and the RKI

database comprised age at diagnose, SARS‐CoV‐2 PCR result from

different respiratory specimens, and week at investigation. MVZ data

further differentiated between the source of the specimen (hospital

vs. not hospital) and included the postal codes of the patients. Da-

tasets did comprise analyses performed between February 24 and

June 6, for example, the Weeks 9–24 of the year 2020. The vast

majority of MVZ samples derived from patients living in the west of

North Rhine‐Westphalia, Germany (10,000,000 inhabitants). The

specimens were collected from patients with respiratory symptoms

as well as from asymptomatic individuals during screening campaigns

in different outpatient settings and hospitals. RWTH samples were

derived from patients with respiratory symptoms and from routinely

screened patients without respiratory symptoms from the region of

Aachen (550,000 inhabitants, part of the western area of North

Rhine‐Westphalia). Data on the age distribution of citizens in North

Rhine‐Westphalia derived from a public database provided by the

state of North Rhine‐Westphalia (www.lgz.nrw.de).

MVZ PCR data were generated with two different methods. The

SARS‐CoV2 IVD CE Test from Roche Diagnostics, Penzberg,

Germany, was used on the fully automated Cobas 6800 analyzers

according to the manufacturer's instructions. The second method

was an in‐house PCR with primer pairs, published by Corman et al.,16

used on the Light‐Cycler 480 or on the Cobas 6800 after extraction

of the virus RNA by Magna Pure Nucleic Acid Extraction System

F IGURE 1 (A) (MVZ data) Mean absolute numbers of severe
acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) tests
among pediatric age groups (age 0–14 years) and older age groups
(age ≥15 years) studied in 1‐year intervals. With exception from
Weeks 9 and 10, SARS‐CoV‐2 testing was performed less
frequently in younger age groups. From Week 19, the testing rates
increased in children and decreased among older patients without
reaching similar levels. (B) (MVZ data) Mean numbers of weekly
SARS‐CoV‐2 studies. Investigations at different ages between
Weeks 9 and 24. Lowest rates of SARS‐CoV‐2 tests were observed
among children and very old patients with a maximum of tests in
patients of about 50–60 years of age. (C) (MVZ data) Absolute
counts of positive test results between Weeks 9–24 for different
age groups. Adults (≥20 years): thin solid line, mean of absolute
counts of positive tests calculated over all 5‐year‐age groups.
Children: absolute counts of positive tests for age group 0–4 years
(thick solid line), age group 5–9 years (thick dashed line), age group
10–14 years (thick dotted line), and age group 15–19 years
(thin dashed line). The number of children tested positive was
considerably lower with highest numbers after Week 18 in age
groups 0–14 years
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from Roche Diagnostics. RWTH PCR studies were performed using

the Realstar SARS‐CoV‐2 RT PCR Kit RNA (Altona) following RNA

extraction with the QIAamp Viral RNA Mini Kit (Qiagen) as re-

commended by the manufacturers. The study was approved by the

Ethics Committee of the Medical Faculty of RWTH Aachen Uni-

versity (EK‐244‐20). For descriptive analyses, EXCEL and SPSS

softwares were used.

3 | RESULTS

3.1 | Absolute numbers of SARS‐CoV‐2 positive
adults peak before absolute numbers of SARS‐CoV‐2
positive children

For analysis of the kinetics of SARS‐CoV‐2 infections, MVZ data from

102,626 PCR analyses with 5,579 positive results were available. In

total, 16,650 of the tests had been performed in the Heinsberg re-

gion which experienced the first general lockdown in Germany

during the pandemic in Week 9.

Testing rates among patients of different ages within the dif-

ferent weeks are provided in Figure 1A,B. Figure 1A depicts the

mean numbers of patients tested between weeks 9 and 24, differ-

entiating between patients of 0 to 14 years and patients from 15

years of age. Figure 1B summarizes the mean numbers of patients

weekly tested at different ages. With exception of Weeks 9 and 10,

SARS‐CoV‐2 testing was performed less frequently among children

than among adults. Independently of the respective week, SARS‐
CoV‐2 testing was performed less frequently among children and

among patients over 90 years of age. In contrast to total counts, the

share of persons tested among elderly persons was high. Persons

below 20 years of age not only showed low total test counts but also

a low share of persons tested (Figure S1).

To further study the number of patients tested positive at dif-

ferent ages, data were further analyzed focusing on 5‐year age

groups, which mirrors the RKI data (Figure 1C). According to MVZ

data, absolute numbers of SARS‐CoV‐2 positive adults peak around

Weeks 12–15. Absolute numbers of SARS‐CoV‐2 positive children

below 15 years of age peak after Week 18. Hereby, absolute num-

bers of children tested positive were low.

The low number of children tested positive might suggest a

low share of positive results among all children tested. The po-

sitive rate among children between age 0 and 9 years; however,

was only moderately lower than among adults (Figure S2). Chil-

dren of 0–4 years of age were found positive in 3% (49/1678), of

5–9 years of age in 2.3% (32/1366), of 10–14 years in 4.7% (55/

1167), and of 15–19 years in 4.9% (148/3033), respectively.

Highest shares of positive results were found among patients

between 100 and 109 years of age (10%), however, comprising

a small age group of only 71 patients. For comparison, 7.2% of

all patients studied in the Heinsberg region tested positive

(1,300/16,650).

3.2 | Data of the MVZ laboratory and the RKI
database show similar time courses of the SARS‐CoV‐2
pandemic

To study to which extent regional data from North Rhine‐
Westphalia might mirror the nationwide RKI data, the following

method of data normalization was applied: At first, the absolute

number of patients tested positive during Weeks 9–24 was cal-

culated for one age group. The highest absolute count of positive

F IGURE 2 (A) (MVZ data) Normalized absolute counts of positive
test results of MVZ data. Analyses performed between Weeks 9 and
24 for different age groups (n = 5,579) (MVZ cohort). Adult patients
in 5‐year intervals: thin dotted lines. Pediatric age groups: age 0–4:
thick solid line; age 5–9: thick dashed line; age 10–14: thick dotted
line. Maximum counts of patients newly diagnosed positive for SARS‐
CoV‐2 infection (100%) were recorded in Weeks 12–15 for all adult
age groups. During the same time, a first peak was also found among
children aged 0–14 years who not only failed to show decreasing
numbers during the following time but also experienced their
maximum peak during Weeks 19–21. (B) (RKI data) Normalized
absolute counts of positive test results of RKI data. Data collected
during the Weeks 9–24 for different age groups (n = 188,133).
Similar to the MVZ data, all age groups of the RKI data showed the
highest absolute numbers of positive findings (100%) in Weeks
13–14. Thereafter, in all adult groups (thin pointed lines; 5‐year
intervals) numbers of newly infected patients decreased to below
20% of the maximum numbers until Week 24. In children up to 14
years of age, in contrast, no comparable decrease of newly diagnosed

patients was recorded (age 0–4: thick solid line; age 5–9: thick
dashed line; age 10–14: thick dotted line). SARS‐CoV‐2, severe acute
respiratory syndrome coronavirus 2
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tests within one particular week attributed a value of 100. The

absolute numbers of SARS‐CoV‐2‐positive specimens of the re-

maining weeks of this age group were normalized by the week

with the maximum number. This was performed for all 5‐year age
groups of the MVZ data (Figure 2A) and of the RKI data

(Figure 2B, 188,133 datasets on positive test results).

Data from both sources showed a similar distribution pattern

indicating a good agreement: An initial increase of absolute positive

results was followed by a marked decrease among adults and older

children. No comparable decrease was observed for children below

15 years of age.

3.3 | Proportions of adults tested positive for
SARS‐CoV‐2 peak earlier than of children between
5 and 14 years of age

To evaluate whether the retarded decline of children positive for

SARS‐CoV‐2 observed in Figure 2B is still visible when analyzing

shares of positive tests, we used percentages of positive test results

from MVZ data on 5‐year age groups and again applied the above‐
described method of normalization (Figure 3A). Younger adults and

adolescents (age 15–44 years) were found to show maximum posi-

tivity rates at Week 9. They were followed by older adults (age from

45 years) who mostly peaked in Week 11. Children of 5–14 years

peaked later, namely at Weeks 13 and 16, respectively. This in-

dicates that adolescents and younger adults might first have been

affected by the pandemic.

These findings were specified by refocusing on 1‐year age

groups. For every 1‐year age group, the week with the highest

share of positive tests was determined. Afterward, the respective

week was plotted against the respective 1‐year age group. This

resulted in three clusters (Figure 3B): Adults between 20 and 60

years of age (Cluster 1) were affected early during the pandemic

(Weeks 9–11), followed by older persons (Cluster 2; Weeks 11–15).

Children below 15 years of age were the latest to show highest

infection rates (up to week 19; Cluster 3). The major process un-

derlying this delayed peak of infection was constant low‐level in-
fectious activity. This is depicted in Figure 3C showing the

cumulative weekly changes of infection rates in different age

groups. In contrast to other age groups that show a constant de-

crease of positivity rates after a peak of positivity was reached,

children up to 9 years of age show, after an initial increase of the

positivity rate, an oscillation of positivity rates around a value

of ±5%.

3.4 | In children test results obtained at hospitals
differ from those obtained in ambulatory settings

Tests performed in ambulatory versus hospital settings might

differ with regard to the prevalence of positive findings. There-

fore, pediatric (age <15 years) and older (age ≥15 years) patient

F IGURE 3 (A) (MVZ data) Normalized shares of positive results from
MVZ data. Calculations performed for different 5‐year age intervals,
distinguishing between different weeks. Normalization performed for the
week with the highest share of positive findings (100%). Most middle‐
aged age groups (age 15–44 years) showed their highest rates of positive
findings at Week 9 (thin dotted lines), followed by most of the remaining
adults (thin solid lines). Children between 5 and 14 years, in contrast,
showed their peaks later and also showed a delayed decrease. Children:
age 0–4: thick solid line; age 5–9: thick dashed line; age 10–14: thick
dotted line. (B) (MVZ data) Patient age versus week of maximum share of
positive SARS‐CoV‐2 findings. Calculations performed for 1‐year
intervals. Closed circle: peak observed in one distinct week. Open circle:
two peaks in two different weeks observed for the respective age group.
Patients between 20 and 60 years of age showed maximum percentages
of positive tests early during the pandemic (Weeks 9–11). In older
patients maximum percentages of positive tests occurred between
Weeks 11 and 15, whereas most children showed their peaks fromWeek
13 on. (C) (MVZ data) Cumulative change of share of positive test results
in comparison to the preceding week depending on age. Whereas
infection rates continuously decrease from 10 years of age, this is not the
case between 0 and 9 years of age. SARS‐CoV‐2, severe acute

respiratory syndrome coronavirus 2
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groups were compared using MVZ data on ambulatory patients

(3,779 of 67,423 positive; 5.6%), MVZ data on patients treated in

hospitals (1,800/34,994 positive; 5.1%) and data of patients

treated at RWTH Aachen University Hospital (513/10,187 posi-

tive; 5%). Hereby, the abovementioned method of data normal-

ization was applied again. As for adults, similar patterns were

observed for all three settings (Figure 4A). Data from children

tested in ambulatory settings showed a similar pattern as known

from the overall analysis (Figure 4B). Children tested in hospitals,

in contrast, only rarely tested positive which confirms that SARS‐
CoV‐2 infections are less severe in children and that pediatric

data generated in hospitals might not mirror the true epidemio-

logical situation.

4 | DISCUSSION

This is one of the rare studies providing data on serial investigations

on SARS‐CoV‐2 in respiratory specimens, also including proportions of

patients tested positive in different age groups. The findings on total

numbers of SARS‐CoV‐2 positive patients corroborate data of the

nationwide German SARS‐CoV‐2 database of the RKI, which confirms

that MVZ data can be used to analyze the situation in Germany

(Figure 2A,B). As RKI data do not include general testing rates, the

MVZ data additionally facilitate the interpretation of RKI data. For

example, children were tested less frequently, which limits knowledge

of the pandemic in this patient group (Figure 1B). As the MVZ data

contain data of the Heinsberg region, the first German region that

experienced a SARS‐CoV‐2‐related lockdown fromWeek 9, these data

also include the early phase of the pandemic in Germany.

Studying these age‐ and time‐related data, it was found that first

infection peaks occurred in adolescents and adults up to 60 years of

age which might therefore account for initial viral spreading

(Figure 3A,B). This observation should not have been biased by dif-

ferent testing rates as similar numbers of tests were found for all age

groups during the initial Weeks 9 and 10 (Figure 1A). At this time, the

general lockdown was already introduced in Heinsberg (fromWeek 9),

before strong nationwide measures. This initial spread of the infection

was followed by infections in older adults (Weeks 11–14), the closure

of schools and nurseries (Week 12), and rules on contact restriction in

Germany (Week 13). These lockdown measures resulted in a constant

reduction of positivity rates in all age groups apart from young

children not showing a time‐related decrease of rates of positive

SARS‐CoV‐2 tests (Figures 1C and 3C). Whereas the number of tests

performed increased with time, infection rates in children did not

decrease, they constantly remained positive on a low level with peak

positive numbers observed until Week 19. As wearing of mouth and

nose masks was introduced in Week 18, the effect of these measures

on children cannot conclusively be assessed by the here reported data.

Testing rates among children were low compared to adults and

slightly increased from Week 19 (Figure 1A). This might indicate that

children in general are less affected clinically by the pandemic. Positivity

rates among children (3%–5%) were also lower than in adults which is in

line with the literature (Figure S2).17,18 These positivity rates, however,

were considerably higher than the share of children tested positive

among all patients tested positive for SARS‐CoV‐2 (0.9%–1.7%).19–23 This

shows that relying on absolute positive findings might be misleading and

recommends to include positivity rates of different age groups into

epidemiological studies.

In the literature, data on serial SARS‐CoV‐2 investigations in

children are rare. Pan et al.24 reported on serial studies on adults and

pediatric patients age 0–19 years between December 8, 2019 and

March 8, 2020 in Wuhan, China. In contrast to all adult patient groups

showing a peak in January 2020, a delayed increase of absolute

F IGURE 4 (A) (MVZ+RWTH data) Comparison of test results in
different settings among children of 0–14 years of age. Comparison of
the share of positive findings in ambulatory (MVZ) and hospital (MVZ/
RWTH) settings (normalized depiction). Only studies among children
performed in ambulatory settings showed a similar result pattern as on
overall analysis (dashed line) whereas only sporadic positive cases were
detected in hospitals. (B) (MVZ+RWTH data) Comparison of test results
in different settings among patients from 15 years of age. Comparison of
the share of positive findings in ambulatory (MVZ) and hospital (MVZ,
RWTH) settings (normalized depiction). Irrespective from the site of
analysis similar result patterns over time were observed. RWTH, RWTH
Aachen University Hospital
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pediatric infections was observed. They concluded that “vigorous ef-

forts should be made to protect and reduce transmission and symptom

progression in vulnerable populations including both elderly people and

young children.”24 In line with this observation, Australian data on in-

fections among children age 15–17 years who were newly diagnosed

between 14 January 2020 and 7 June 2020 showed a peak in the 3rd

and 5th weeks of March, followed by an only partial decline.25

The findings reported here comply with the observation that the

infection is not initially spread by children who show lower attack rates

and are commonly infected by adults.19,26–28 They also should not be

misunderstood as an argument to reintroduce closures of schools and

nurseries. There are alternative effective approaches as for instance

shown by Taiwan, which seems to have developed a model on how to

combine infection control with fulfilling the social and educative needs

of children.29 Nevertheless, the data reported here may indicate that

children might be affected by the SARS‐CoV‐2 pandemic in a particular

fashion, characterized by prolonged and sustained virus circulation.

Together with low clinical involvement, they could form natural re-

servoirs for maintaining the infectious virus in a population in a phase of

fainting numbers of COVID‐19 patients and serve as a link in the

transmission chain.30–32 Notably, although transmission from children

to adults seems to be rare, it has repeatedly been reported.33–35 For

example, in a study summarizing experience on hospitalized children in

Chicago Mannheim et al.35 described child‐to‐adult transmission in 2

out of 15 transmissions where children were involved. Lam et al.36

reported an increase of the share of pediatric patients (0–14 years of

age) tested SARS‐CoV‐2 positive in Hong Kong from 0% to 20.3% be-

tween December 2019 and May 2020. The vast majority of these

children were not detected because of clinical symptoms or known

familial cases but during border controls introduced for infection con-

trol purposes. This underlines the impact of random testing for epide-

miological purposes. According to the here reported data, the results of

these studies may be affected by the study site as pediatric data gen-

erated in ambulatory and hospital settings differ markedly.

4.1 | Limitations

This study is limited by the fact that data were not collected pro-

spectively and that the number of pediatric samples is low compared

to the share of children of the total population. Selection bias may

derive from the fact that symptomatic patients and individuals with

contact to symptomatic patients were tested preferentially. More-

over, the data presented here do not reflect the fact that different

counties in the west of North Rhine‐Westphalia were not affected

simultaneously but sequentially and with varying severity.

5 | CONCLUSIONS

Compared with adults, children are clinically less affected by SARS‐
CoV‐2 infections and they are unlikely to account for the initial viral

spread. However, children show sustained viral activity and may

serve as a viral reservoir which recommends to perform reservoir

exploration studies of SARS‐CoV‐2 in children.
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