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Abstract

Introduction: COVID-19 cases have rarely been reported in children. We
sought to analyse the attack rate in paediatric population in Poland, focus-
ing on local variations among the provinces, correlation with the number of
tests per capita, and test positivity rate.

Material and methods: This cross-sectional study involved the 38.38 million
population and detected 17,921 cases (age known in 17,822). Data were
collected from publicly available registries and were analysed by age group
and province of the country.

Results: Children constituted 6.68% of cases (n = 1,191). The attack rate
reached 15.49/100,000 children, increasing with age (10.79/100,000 in
< 4y.0.t0 21.59/100,000 in 15-19 y.0.). Significant variations in the attack
rates were observed: a 9.52-fold ratio between the highest and the lowest
attack rates in provinces. The provinces from the first and fourth attack rate
quartiles differed in the test positivity rate (4.96% vs. 1.98%, p < 0.05), but
not in the number of tests per capita. The lowest quartile provinces showed
1.87- to 5.78-fold lower attack rates, compared to the directly neighbouring
provinces, without any known population susceptibility differences. The at-
tack rates in children and adults correlated very strongly (rho = 0.81). The
attack rate correlated with the test positivity rate (rho = 0.64 in children and
rho = 0.71 in adults) but not with the number of tests per capita.
Conclusions: COVID-19 burden in children is significant. The local differenc-
es highlight various testing strategies, but the awareness of SARS-CoV-2 in
children is essential. The correlation between attack rates in children and
adults shows that the outbreak in children is parallel to the one observed
in adults.
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Introduction

The first confirmed case of the coronavirus disease (COVID-19) caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was
reported in December 2019 in China, whereas the first case in Poland
was diagnosed on 4t March 2020 [1]. Globally, the pandemic has already
caused over 5.5 million cases and 350 thousand deaths (as of 27" May
2020) [2]. COVID-19 cases have mainly been reported in adults, while the
paediatric population is believed to remain relatively free of the SARS-
CoV-2 infection and safe, because the disease is associated with a milder
course and a positive outcome [3]. The proportion of children requiring
hospitalisation varies. In Italy, it has been assessed to be marginal (5.2%
of sick children in Italy, as of 10% April 2020) [3], while in Spain more than
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one fourth of all diagnosed paediatric cases were
inpatients (26% as of 29" May 2020) [4]. Never-
theless, the varying hospitalisation rates may re-
sult both from the divergent treatment standards
and the testing strategies. The need for intensive
care also varies between 1.2% [3] and 3.7% [4].
The estimates from the USA, which is the most
heavily affected country, report between 5.7% and
20% of children needing hospital treatment, and
0.58-2% requiring intensive care unit treatment
[5]. In general, the paediatric quota to the total
burden of COVID-19 is low, accounting for 1% to
5% of all diagnosed cases, but the frequency dif-
fers substantially among the various countries [6].
Although reports on deaths in children are scarce
[5], paediatricians still need to remain vigilant.
Recently, an alert has been raised due to the in-
crease in the incidence of a Kawasaki-like disease
related to multisystem inflammatory syndrome in
children (MIS-C) [7-9]. Moreover, children could
play a role in the spread of the disease, and pae-
diatric transmission might even be crucial to the
reopening after the lockdown [10]. Data on the at-
tack rate in children is lacking because the great
majority of efforts, especially in countries heavily
affected by COVID-19, is directed towards the di-
agnosis and treatment of those in the most severe
condition; thus, the attack rate in the paediatric
population may be underestimated.

We sought to analyse the number of cases and
the attack rate in different age groups in Poland,
to verify the local variations between the provinc-
es and the correlation with the number of tests,
number of tests per 1000 inhabitants, and the test
positivity rate.

Material and methods

Definitions

Only laboratory-confirmed cases of the SARS-
CoV-2 infection were taken into consideration; na-
sopharyngeal swabs were collected; the real-time
polymerase chain reaction (RT-PCR) was used as
a reference method; and one positive result was
found to be relevant, irrespective of the clinical
presentation, because the signs and symptoms,
especially in paediatric patients, are diverse, and
asymptomatic courses have also been reported [3,
11, 12]. The data are collected on a daily basis and
derive from the Chief Sanitary Inspectorate, which
is the public administration authority responsible
for epidemiological surveillance, including the out-
break of the novel coronavirus. Testing strategy:
testing was available at public healthcare facili-
ties (including hospitals, ambulances dedicated
to swabbing administered by the local healthcare
facilities and sanitary inspectorates, and drive-
through points) and performed free of charge
upon a clinical or epidemiological premise.

Significant COVID-19 burden in Polish children

Study setting

This is a cross-sectional study, involving the
whole population of Poland, and all the SARS-
CoV-2 cases from the first case (4" March) until
15%" May 2020 were eligible for the study. Ac-
cording to the statistics of Poland, the popula-
tion of Poland amounted to 38,382,576 people,
including 7,690,007 children. The demographic
data are publicly available and are updated every
6 months; the most recent available dataset is
valid for 31t December 2019, and this was used
as a reference for the computation of the attack
rate [13]. The number of inhabitants in the da-
tabase is presented in the following age groups:
0-4 years, 5-9 years, 10-14 years, and 15-19
years; hence, the age limit of a paediatric patient
needed to be set at 19 years. Only rough estimates
of the number of infants were used (data on the
2019 birth cohort has not been published yet); it
was calculated as a difference between the total
number of children in the age group 0—4 years and
the number of live births in the preceding years.
The demographic data for Poland and for each of
the 16 administrative provinces in Poland have
been considered, with no analysis of migration
among the regions because no important varia-
tions in this field have been notified, and the de-
mographic situation in Poland is rather constant.
Thus, no significant bias should be attributable in
these terms to the demographic data.

The endpoints of this study included the num-
ber of cases and the attack rate (per 100 thou-
sand children) in the previously mentioned age
groups (0—4 years, 5-9 years, 10-14 years, and
15-19 years). Respective values for adults were
also obtained. In order to verify the attack rate
homogeneity, the attack rate ratio for each age
group (including adults) was computed as a quo-
tient between the regions with the highest and
the lowest attack rate. The number of tests per
100,000 inhabitants and the test positivity rate
were calculated separately for each region.

All the procedures involving human subjects
are in accordance with the 1964 Helsinki Decla-
ration and its later amendments. Patients in epi-
demiological reports are anonymised, without the
possibility of individual identification of any of the
participants.

Statistical analysis

Then, provinces from the first and the last quar-
tile with respect to the attack rate were compared
in terms of the crude number of tests, the number
of tests per 1000 inhabitants, and the test pos-
itivity rate. The Mann-Whitney U test was used,
and the values were presented as median and an
interquartile range (IQR).
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Each of the provinces from the first and the
last attack rate quartile was opposed against its
neighbouring provinces; attack rates were com-
pared (total, total in children, and in five paediat-
ric age groups, creating a set of 28 comparisons).
The number of tests per 1000 inhabitants and the
test positivity rate were also compared.

Spearman’s rank correlation test was execut-
ed in order to verify a correlation between the re-
ported number of cases in the age groups and the
attack rates, the number of tests, the number of
tests per 1000 inhabitants, and the test positivity
rate (separately for the regions). The results were
expressed as the Spearman’s rank correlation co-
efficient (rho). The level of significance was set at
p < 0.05. The statistical analysis was performed
with Statistica 13.1 (StatSoft, Tulsa, OK, USA).

Results

As of 15" May 2020, 17,921 cases of COVID-19
have been diagnosed in Poland, wherein precise
data on the patient’s age was known in 17,822
(99.45%) cases. The paediatric contribution to the
total number of cases was 6.68% (n = 1191).

The highest number of cases was observed in
children aged 15-19 years (n = 389 cases, 32.7%),
followed by 10-14 (n = 328, 27.5%), 5-9 (n = 267,
22.4%), and < 4 years (n = 207, 17.4%) (Table ).
Interestingly, only 38 cases (3.2% of cases among
children) have been diagnosed in infants.

The total paediatric attack rate reached
15.49/100,000, with the highest value ob-
served in the oldest age group (15-19 years)
- 21.59/100,000, decreasing then with a young-
er age (16.24/100,000 for 10-14-year-olds,
13.7/100,000 for 5-9-year-olds, 10.79/100,000
for < 4 years of age); in infants it reached
10.12/100,000 (Table ).

According to the regions, the highest number
of paediatric cases was diagnosed in the Silesian

Province (n = 241, 20.2%), followed by Mazovian
(n =149, 12.5%), Lower Silesian, and Matopolskie
(n =135, n=11.3% each) (Table Il), but these are
four of the five provinces with the highest number
of children in Poland. The highest attack rate was
observed in the Silesian Province (28.25/100,000),
followed by tédzkie (25.11/100,000) and Lower
Silesian (24.67/100,000). Interestingly, the geo-
graphical variation in the attack rates was signifi-
cant, and the attack rate ratio (between the high-
est and the lowest attack rate regions) reached
9.52 for children in general, varying between 5.16
in those aged 0—4 years to 23 in 5-9-year-olds; in
infants and in 10-14-year-olds it was not comput-
able, because no cases were reported in at least
one province. The attack rate ratio was even high-
er in adults, reaching 12.07 (Table I).

The total number of tests reached 491,186,
with a mean of 12.8 tests per 1000 inhabitants,
varying between 4.8/1000 in the Opolskie Prov-
ince to 26.6/1,000 in the Mazovian Province,
which happen to be the regions with the lowest
and highest number of inhabitants, respective-
ly. The test positivity rate varied between 0.98%
(Warmian-Mazurian) and 11.62% (Silesian) with
a mean of 3.63% (Table II).

We opposed the provinces from the first and
fourth quartiles in terms of the attack rate in chil-
dren, and found that they differed in test positivity
rate (4.96% vs. 1.98%, p < 0.05) but not in the num-
ber of tests per 1000 inhabitants (11.11 vs. 8.78,
p = 0.69) (Table Ill). Furthermore, we opposed each
of the provinces from the first and fourth quartile
against directly neighbouring provinces. We found
that in each of the first quartile regions the at-
tack rates were higher than in their neighbours in
24 out of 28 comparisons (total attack rate, chil-
dren in total, infants, 0-4, 5-9, 10-14, and 15-19
years old) with the exceptions of 5-9-year-olds
in tédzkie, the total attack rate in todzkie and
Matopolskie, and the infants in Matopolskie. The

Table 1. Case distribution, attack rates, and attack rate ratio in various age groups

Age group [years] Number of cases Attack rate Lowest attack rate Highest attack rate Attack rate

(%) [per 100,000] [per 100,000] [per 100,000] ratio
<1 38 (3.2) 10.12 0 32.32 NA
0-4 207 (17.4) 10.79 3.79 19.59 5.16
5-9 267 (22.4) 13.69 1.23 28.37 22.99
10-14 328 (27.5) 16.24 0 28.69 NA
15-19 389 (32.7) 21.59 5.2 42.71 8.21
Total (children) 1191 (6.68) 15.49 2.97 28.25 9.52
Adults 16,631 (93.32) 54.19 10.66 128.28 12.07
Total (children 17,822 (100) 46.43 9.09 109.39 12.03
and adults)

NA — non-applicable.
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Table 1ll. Comparison between the provinces from the 1% and the 4™ quartile regarding the attack rate.

The attack rates are expressed per 100,000 inhabitants

Variable 1t quartile provinces 4t quartile provinces P-value
Median LQ uQ Median LQ uQ
Attack rate < 19 y.o. 24.89 21.71 26.68 4.63 3.46 5.66 < 0.05
Attack rate < 1 y.o. 18.50 10.46 27.75 4.52 0.00 12.36 0.2
Attack rate 0-4 y.o. 17.24 14.34 19.23 4.94 3.98 6.21 < 0.05
Attack rate 5-9 y.o. 20.02 16.05 24.94 3.30 1.92 4.99 < 0.05
Attack rate 10-14 y.o. 26.59 20.73 27.85 2.99 0.00 6.10 < 0.05
Attack rate 15-19 y.o. 39.44 30.40 41.92 6.64 5.76 8.06 < 0.05
Attack rate adults 69.07 45.79 105.66 2291 15.55 28.87 < 0.05
Attack rate (total) 60.74 41.10 90.71 19.26 13.31 24.07 < 0.05
Number of tests 34,899 33,148 39,239 13,212 9989 23,701 0.11
Number of tests per 1000 11.11 9.98 12.44 8.78 6.47 12.66 0.69
Test positivity rate (%) 4.96 3.42 8.90 1.98 1.39 2.68 <0.05

LQ — lower quartile, UQ — upper quartile, p — Mann-Whitney U test.

number of tests per 1000 inhabitants was high-
er in each of the regions (vs. neighbours) except
for the Silesian Province. The test positivity rates
were higher in Lower Silesian and Silesian Prov-
ince (6.2% vs. 5.2%, and 11.6% vs. 5%, respective-
ly), but lower in Matopolskie and t6dzkie Province
(3.1% vs. 5.7%, and 3.7% vs. 5.7%, respectively)
(Table V).

To the contrary, the provinces from the last
quartile had significantly lower attack rates than
neighbours in 27 out of 28 comparisons (except
for attack rate in infants in Swietokrzyskie Prov-
ince), and the number of tests per 1000 was gen-
erally lower (but higher in Pomorskie Province as
compared to its neighbours). The attack rate in
children was 1.87- to 5.78-fold lower than in the
neighbouring provinces, suggesting an underesti-
mation rate in the fourth quartile regions. Unex-
pectedly, the test positivity rate was lower than in
the neighbours (with an exception of Podkarpac-
kie, which showed a slightly higher rate than its
neighbours: 2.8% vs. 2.5%, repsectively) (Table 1V).

Spearman’s rank correlation test revealed
a very strong correlation between the attack rate
in children and the attack rate in adults (rho =
0.81), and the number of cases did correlate with
the attack rates (rho = 0.80 in children, rho =
0.85 in adults). A correlation between the attack
rates among adults and children decreased with
decreasing age (rho = 0.81 in 15-19-year-olds,
through rho = 0.7, to rho = 0.59 in those aged 0-4
years). A strong correlation between the test pos-
itivity rate and attack rate (rho = 0.64 in children
and rho = 0.71 in adults) and between the attack
rate in children (not in adults) and the number of

tests in the provinces (rho = 0.52) was observed.
Notably, there was no correlation between the at-
tack rate and the number of tests per capita (or
per 1000 inhabitants in the region) (Table V). As of
15" May 2020, two deaths due to the COVID-19
were reported among people aged 18 years, with
no deaths in younger patients.

Discussion

This study reveals a surprisingly high percent-
age of COVID-19 cases attributable to children
(6.68%), which translates into a significant attack
rate (15.49/100,000) in the paediatric population
in Poland. At first, paediatric cases were report-
ed rarely, but with the spread of the outbreak, the
number of infected children has increased [11].
The interim estimates in the US showed that chil-
dren accounted for up to 5% of all cases [14], but
the most recent data reported reduced the per-
centages of paediatric illness: as of 2" April 2020
1.7% of 149,082 cases in the US were diagnosed
in children (i.e. those under 18 years) [5]. These
numbers are in line with those observed during
the epidemic peak in China, when paediatric cases
corresponded to approximately 2% of diagnosed
patients [11]. The European data show a low per-
centage of patients in the paediatric population:
1.4% in Italy and 1.5% in the UK [3, 15], while
reports from Spain show even lower numbers: in
the group of children up to 14 years old (the next
age group is set broadly as 15-29 years old) the
percentage totalled 0.6% (out of 248,068 cases,
as of 29" May 2020) [4]. On the other hand, the
most recent data from Canada [16] report a much
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Table V. Spearman’s rank correlation coefficients between analysed parameters

Teresa Jackowska, August Wrotek, Mateusz Jankowski, Jarostaw Pinkas

higher percentage (5.66%) of COVID-19 cases in

g% wialgliclalzlalelalalas children (2306 ouF of 40,746 cases) in.compqrison
T g Zls|o|lo|®|c|Z|c|c|Z|Z| S with other countries, and our data (with a slightly
o = higher proportion of 6.68%) is in line with the Ca-
° nadian results.
323 olalololololololvlelely, This high percentage of cases found in children
Eff Tlz|z|z|Zz|z| 2|z 2|z 53|2|= may arise from higher (relative or absolute) de-
zo3 tection of COVID-19 in children (or in a particular
population, e.g. Polish or Canadian children) or
- I alolalslnlolalnl., lower detection in adults, but the attack rate is
E2 |35/ 8z|z|=2|8|z|8 2|3|= a more independent indicator, and shows intrigu-
z0° ing values. The attack rate in children in Poland
° . (as of 15" May 2020) is between those reported in
s 2 clolelalalaldlwlolo - the general population in Algeria and Argentina at
E ‘—? 25g|22/215(5(2|2(2]8 the time of writing (14.96 and 15.9 per 100,000,
9 respectively), meaning that the paediatric popula-
o . tion may and should also be considered affected
w2 olmlolo olulolol ° [17]. Interestingly, the current attack rate in Ar-
s EI pu g z eleie|x |z 5 gentina has increased 2.4-fold (31t May vs. 15%
29 May 2020). Differences among the countries may
o result from different testing strategies. Moreover,
T a certain degree of underestimation needs to be
> NEIETENEIREI IR 212 considered because we observe huge variations
& 9 o|lo|o|lo|o|o|—~|oc|o|c X . . .
Zw between the provinces in Poland, which did not
o derive from an extremely different local epidemi-
® o ological situation. The influence of the approach
<3 NG| 2 aRISIR G R g ek to testing is highlighted by considerable differ-
© ) o|o|o|o|o|—~|oc|o|o o . .
o ences between the extreme attack rates in Polish
provinces (almost 10-fold difference between the
*g s highest and the lowest), although it could result
> |2|2/2|2|8R|5 RG22y from varying epidemic situations and differences
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ing strategies. Optimally, if everyone is tested,
a higher attack rate is seen in a higher test posi-
tivity rate, thus reflecting a genuinely higher inci-
dence. Nonetheless, the differences between the
neighbouring regions contradict this time-point in
testing, although the test positivity rate in Poland
is low. A comparison of the situation between Po-
land and Canada explains the differences: many
of the characteristics between these two coun-
tries are similar (population: ca. 38.4 vs. 37.8 mil-
lion), including the percentage of paediatric cases,
but there are differences in the number of tests
and, first of all, in the attack rate (roughly four-
fold higher in Canada) [17]. If we analysed only
the number of tests per capita (the mean number
of tests per inhabitant is 2.5-fold lower in Poland;
12.8/1000 in Poland versus 31.2/1000 in Canada,
as of 12t May 2020) [18], we could falsely argue
that the number of cases in Poland is severely un-
derestimated. However, the positivity test rate in
Poland is 1.6-fold lower than in Canada (3.7% vs.
6%), which suggests that the attack rate and the
true number of cases in Canada is simply higher
[17]. Thus, the number of tests should be analysed
in close relation with the test positivity rate.

If Poland was at another time-point of the
epidemic, the percentage of cases diagnosed in
children might decrease; this might also be the
case for the US, taking into account a decrease
from 5% to 1.7% within less than a month [5,
14]. An asymptomatic, mild, or moderate disease
course, which has been reported in 97% of labo-
ratory-confirmed cases in China [12], clearly car-
ries the risk of an underdiagnosis. In the case of
a huge outbreak and rapidly shrinking medical re-
sources, the diagnostic efforts may be focused on
patients in a more severe health condition, thus
decreasing the number of tests in children in fa-
vour of adults. It is crucial to ensure stable access
to SARS-CoV-2 testing in the paediatric population
because it mirrors the attack rate in adults. Our
study showed a strong correlation between the at-
tack rate in children and adults (rho = 0.81), which
increased with the children’s age. This in turn sug-
gests that the epidemic attacks both groups, but
in paediatric patients it is seen to a lower degree.
We can hypothesise that the number of potential
sources of SARS-CoV-2 infection is higher among
adults (especially those occupationally active)
than in children, and settings of SARS-CoV-2
transmission may differ between age groups. Po-
land did not face a depletion of the health care
system resources directly, and the functioning of
the paediatric hospital care (where the majority
of tests have been performed) did not deteriorate,
which may explain the relatively high participation
of paediatric patients in the total number of cases.
Additionally, alongside with the long incubation
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period, the missed paediatric cases increase the
children’s transmission capacity [11]. The ques-
tion on the possible role of children in the spread
of the disease needs to be raised. To date, the
majority of studies argue against the significant
role of children in the spread of the disease [19].
A Swiss study by Posfay-Barbe traced 39 house-
hold contacts and revealed that a child presented
symptoms prior to adult contact only in 8% of cas-
es, being a possible index case [20]. In a Chinese
study by Wu, only marginal transmission from
children was observed: 96% of children analysed
in a series of 69 paediatric patients had previously
been in contact with adult index cases [21], while
another Chinese study reported one in 10 chil-
dren to transmit the SARS-CoV-2 to adult contacts
[22]. Interestingly, if children played an important
role in the spread of the SARS-CoV-2, then an in-
creased number of paediatric cases could precede
the outbreak in adults, and time-series analyses
should answer this question.

Notably, the percentage of cases in the age
groups in our study reflects the study by the
CDC COVID-19 Response Team, who found the
highest proportion in 15-17-year-olds, followed
by 10-14-year-olds (32% and 27%, respectively)
[5]. Conversely, taking into account only labora-
tory-confirmed cases, a lower percentage was
observed in the oldest group of patients by Dong
et al. (21.5%) in favour of 6-10-year-olds (23.4%,
which is similar to our result of 22.4% in 5-9-year-
olds) [12]. Both studies found 26-30% of cases
in the youngest group of children; 26% in those
aged under 4 years old by the CDC COVID-19 Re-
sponse Team, and 30.5% under 5 years old by
Dong et al., while our investigation shows a low-
er contribution of this age group (17.4% under
4 years of age), mainly due to the distinctly low
number of cases in infants (3.2% only). These
results are even more with contrasting the pro-
portion of cases in infants reported by Garazzi-
no et al, who revealed 39.3% (out of a group of
168 children) in children under 1 year of age [3].
The authors speculate, however, that this result
might originate from a social tendency to seek
a paediatric consultation more frequently, along-
side the paediatricians’ inclination towards hospi-
tal admission of infants [3].

Previous analysis of paediatric populations
showed that children are frequently asymptom-
atic carriers of viruses or bacteria [23]. Due to
the lack of specific symptoms and asymptomatic
course of COVID-19, the testing strategy for SARS-
CoV-2 should consider testing children living in
one household with a quarantined person [24].
As of 15" May, Poland does not report deaths due
to COVID-19 in people under 18 years. The risk of
dying from COVID-19 is highest in the oldest age
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groups, and knowledge about the pathogenesis of
severe manifestations of COVID-19 is constantly
increasing [25]. To protect high-risk populations,
extensive social isolation rules were introduced in
many countries, including Poland. The COVID-19
pandemic has resulted in social isolation and “na-
tional quarantine” that has forced changes in social
behaviour. A significant group of elderly people have
isolated from their relatives and often avoid contact
with their grandchildren, which is supposed to limit
transmission from children to grandparents [26].
The sociological and psychological consequences
of social isolation should be considered when plan-
ning strategies to counteract the second wave of
SARS-CoV-2 infections in Europe [26].

There exist certain strengths and weaknesses
of this study. The enrolment of each diagnosed
paediatric COVID-19 case in the whole population
of a middle-sized European country (approximate-
ly 38 million citizens) constructed a huge sample
of 1191 paediatric patients. Apart from the size
of the group, a strict rule of including only labora-
tory-confirmed cases is another advantage, which
decreases the risk related to misclassification.
However, the true number of cases is certainly
higher, and the burden could be assessed more
precisely by a comparison of the number of tests
performed in children. Unfortunately, this type of
data was not available when preparing this paper.
Secondly, due to the retrospective character of the
analysis, data on preventive measures used by
children and their parents/tutors is lacking, and
there are no data on direct/indirect contact with
the sources; nevertheless, it was not within the
scope of the aim of the study. Also, the age defini-
tion used in this study may be confusing because
we set the age limit at 19 years old due to the
reasons explained above. In general, the definition
of a paediatric population varies among countries,
thus complicating the comparisons with other
studies, also in terms of reports on COVID-19.

In conclusion, the most important finding of
this study is that the COVID-19 burden in children
is significant. Both the number of cases and the
attack rate in children are not marginal and should
not be neglected. We might be underestimating
the paediatric cases, becasue they do not require
rapid emergency actions, and the cases are less
“spectacular” than in adults. The awareness of the
possibility of COVID-19 affecting children needs to
be maintained. There is a correlation between the
attack rates in children and adults, and it increas-
es with the children’s age, showing that the out-
break in children is parallel to the one observed in
adults. The role of a judicious testing strategy is
crucial for the recognition of the COVID-19 burden
in children, and pharmacoeconomic analyses of
various testing strategies are necessary.
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