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ABSTRACT
Background Aiming to the containment of the 
coronavirus disease 2019 (COVID- 19) pandemic, 
governments worldwide have implemented a series of 
non- pharmaceutical interventions. Many of them and 
especially school closures have impacted the circulation 
of multiple airborne pathogens among children and 
adolescents. This study investigates the incidence of 
influenza and invasive meningococcal disease among 
children aged 0–14 years in Greece during the COVID- 19 
pandemic.
Methods Data regarding the number of influenza- like 
illness cases, influenza- related paediatric intensive care 
unit (PICU) admissions and invasive meningococcal 
disease cases among children 0–14 years old were 
obtained from the National Public Health Organization. 
The incidence of the two diseases during the COVID- 19 
pandemic period (2020/2021) was compared with that of 
the six preceding seasons (2014–2019).
Results A notable decrease was observed in both 
influenza and invasive meningococcal disease cases 
during the period 2020/2021 compared with the years 
2014–2019. The mean annual rate of influenza- like 
illness cases and influenza- related PICU admissions 
in children 0–14 years old has reduced by 66.9% and 
100%, respectively, while the mean annual invasive 
meningococcal disease rate has declined by 70%. 
Both weekly influenza- like illness and monthly invasive 
meningococcal disease rates were significantly decreased.
Conclusions The activity of influenza and invasive 
meningococcal disease in the children and adolescents 
of Greece has decreased during the COVID- 19 pandemic 
period. Reduced transmission is likely related to the 
public health measures that were implemented to control 
the pandemic. The value of these measures may have 
relevance to the future management of influenza or 
invasive meningococcal disease epidemics.

INTRODUCTION
In December 2019, severe acute respiratory 
syndrome coronavirus 2 (SARS- CoV- 2), a 
novel coronavirus, which causes corona-
virus disease 2019 (COVID- 19), emerged in 

Wuhan, China.1 The disease spread rapidly 
and on 11 March 2020 WHO declared a 
COVID- 19 pandemic.2 Since then, more 
than 435 million confirmed cases have 
been reported globally, 2 million of which 
in Greece.3 COVID- 19 is transmitted from 
person to person mainly via respiratory 
droplets, including aerosols, as well as 
direct contact.4 To contain viral transmis-
sion a series of non- pharmaceutical public 
health measures, such as social distancing, 
use of face masks, promotion of increased 
hand hygiene, lockdown, curfew, school 
closures, isolation of confirmed cases and 
quarantine of exposed subjects, have been 

What is known about the subject?

 ► Influenza and other viral infections increase the risk 
of invasive meningococcal disease.

 ► The past winter raised concern regarding the cocir-
culation of SARS- CoV- 2 and influenza and the pos-
sible role the former might play as a risk factor for 
invasive meningococcal disease.

 ► The activity of many respiratory pathogens remained 
low during the season 2020/2021.

What this study adds?

 ► The incidence of influenza in children aged 0–14 
years has decreased significantly in the period 
2020/2021 compared with the preceding seasons.

 ► Monthly invasive meningococcal disease rates in 
children under 14 years of age have also declined 
since March 2020 compared with the previous 
6 years.

 ► The decrease of influenza and invasive meningococ-
cal disease cases in children temporally coincides 
with the implementation of several interventions 
used for the control of the COVID- 19 pandemic.  on M

ay 19, 2023 by guest. P
rotected by copyright.

http://bm
jpaedsopen.bm

j.com
/

bm
jpo: first published as 10.1136/bm

jpo-2021-001391 on 8 M
arch 2022. D

ow
nloaded from

 
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://bm
jpaedsopen.bm

j.com
/

bm
jpo: first published as 10.1136/bm

jpo-2021-001391 on 8 M
arch 2022. D

ow
nloaded from

 
 on M

ay 19, 2023 by guest. P
rotected by copyright.

http://bm
jpaedsopen.bm

j.com
/

bm
jpo: first published as 10.1136/bm

jpo-2021-001391 on 8 M
arch 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0952-8915
http://dx.doi.org/10.1136/bmjpo-2021-001391
http://dx.doi.org/10.1136/bmjpo-2021-001391
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjpo-2021-001391&domain=pdf&date_stamp=2022-03-07
http://bmjpaedsopen.bmj.com/
http://bmjpaedsopen.bmj.com/
http://bmjpaedsopen.bmj.com/


2 Ktena D, et al. BMJ Paediatrics Open 2022;6:e001391. doi:10.1136/bmjpo-2021-001391

Open access

implemented since March 2020. Due to their broad 
implementation, these measures potentially impact 
the transmission of other infectious diseases that 
spread via the respiratory route as well.

Seasonal influenza is a common cause of respiratory 
disease, linked to increased rates of hospitalisations, 
in both children and adults.5 Influenza virus is trans-
mitted via respiratory droplets, aerosols and through 
contact with infected individuals or contaminated 
fomites. In temperate regions, epidemics occur every 
winter and are associated with increased morbidity 
and mortality.6 The expected influenza peak during 
the winter months of 2020 and the co- circulation with 
SARS- CoV- 2 caused worldwide concern, regarding the 
consequential overwhelming of healthcare systems 
and therefore campaigns promoting influenza vacci-
nation, both among adults and children, were held 
in many countries. In Greece, influenza vaccination 
for children according to the National Immuniza-
tion Program (NIP), is recommended only for those 
at high risk.7 However, the incidence of influenza 
during the endemic periods of both 2019–2020 and 
2020–2021 remained notably low, not only in Europe, 
but also globally.8–10

Considering then, the known role of influenza 
infection as a risk factor for invasive meningococcal 
disease (IMD), one may postulate a concomitant 
decrease of the IMD incidence during the COVID- 19 
pandemic.11 IMD usually presents as meningitis or 
septicaemia and mainly affects children younger than 
2 years old and adolescents. It is caused by Neisseria 
meningitidis, which is transmitted from person to 
person through respiratory droplets from infected 
patients or carriers.12 The rate of N. meningitidis 
asymptomatic carriage shows an increasing trend 
through childhood from 4.5% in infants to a peak of 
23.7% in 19- year- olds and gradually decreases in older 
adults.13 Even though IMD incidence in developed 
countries has remained low during the last few years, 
mainly due to the implementation of universal infant 
vaccination, its epidemiology is often unpredictable 
and characterised by changes in incidence and preva-
lent serogroups.14 In Greece, the NIP includes MenC 
immunisation at 12 months of age since 2006 and 
MenACWY quadrivalent conjugated immunisation in 
11 years old adolescents since 2012. Moreover, MenB 
vaccine has been available in the private market since 
2014 but is not included in the NIP.7 Studies have 
already shown a decrease in the incidence of IMD 
during the COVID- 19 pandemic.15–17

The non- pharmaceutical measures that have been 
used to contain the COVID- 19 pandemic differ from 
country to country, while different age groups have 
been impacted in various ways. School closures, for 
example, have probably had a significant effect on 
the incidence of other infectious diseases in chil-
dren. Taking into consideration the burden of both 
diseases on the paediatric population,5 12 as well as 

the important role of this age group in community 
transmission,18 this study aimed to investigate the inci-
dence of influenza and IMD in Greek children and 
adolescents aged 0–14 years during the COVID- 19 
pandemic.

MATERIALS AND METHODS
The surveillance of influenza in Greece is carried out 
using several systems. The Morbidity Monitoring System 
in Primary Healthcare (Sentinel) uses weekly reports 
from an established collaborating primary care unit 
network. Surveillance systems also include laboratory 
surveillance and surveillance of severe influenza cases 
in intensive care unit. Data are collected and published 
in the form of weekly reports by the National Public 
Health Organization (NPHO). These systems are active 
during the influenza surveillance period, from week 
40 (October) of every year to week 20 (May) of the 
following year. Bacterial meningitis is a mandatory notifi-
able disease in Greece and all registered cases are inves-
tigated and classified by causative agent. IMD samples 
from hospitals nationwide are sent and identified at the 
National Meningitis Reference Laboratory. Confirmed 
cases are reported to NPHO.

For this population- based observational study, in collab-
oration with the NPHO, we collected data regarding 
weekly influenza- like illness (ILI) cases and annual 
influenza- related paediatric intensive care unit (PICU) 
admissions for influenza seasons 2014/2015–2020/2021 
and monthly IMD cases from January 2014 until May 2021 
among children aged 0–14 years. The data were stratified 
by age group (0–4, 5–14 years). To calculate incidence 
rates, we used the number of visits to the Sentinel Primary 
Healthcare units for children aged 0–14 years and each 
age group separately, as well as the population of chil-
dren 0–14, 0–4 and 5–14 years old, according to the 2011 
census data. Data from the COVID- 19 pandemic period 
(2020–2021) were compared with that of the six preceding 
pre- COVID- period years (2014/2015–2019/2020). Influ-
enza seasons and annual IMD cases were compared in 
total and by age group. Additional sensitivity analysis was 
performed to include IMD data from 2009, in order to 
examine the potential impact of the introduction of the 
Meningococcus serotype B vaccine in 2014.

Incidence rates were calculated for influenza as ILI 
cases per 1000 visits and influenza- related PICU admis-
sions per 100 000 population and for IMD as cases per 
100 000 population. Descriptive statistics of rates are 
presented with median and IQR. Percentage of decrease 
in the mean of annual rates over the two periods 2014–
2020 versus 2021 was also calculated. Run charts were 
used to graphically represent the annual, monthly or 
weekly rates across time. Interrupted time series analysis 
was also performed to assess any changes in IMD trends. 
No statistical inference was made since the data used 
cover the study population.
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Patient and public involvement
Authors declare that there was no patient or public 
involvement in the present study.

RESULTS
Influenza
The mean of weekly ILI rates per 1000 visits for chil-
dren aged 0–14 years was notably lower during the 
season 2020/2021 compared with the preceding periods 
(2014/2015–2019/2020) (rates 88.2 vs 23.1, figure 1).

A reduction of 66.9% has been noted in the mean 
annual rate of ILI cases per 1000 visits among children 

younger than 14 years old, which has decreased from 
102.9 during the pre- COVID- 19 period (2014/2015–
2019/2020) to 34.0 during 2020/2021. The decrease 
in the mean annual rate was 58.5% and 71.8% for ages 
0–4 and 5–14, respectively (online supplemental figure 
S1).

Finally, no influenza- related PICU admissions were 
recorded in children aged 0–14 years during the 
period 2020/2021. The mean annual rate of laboratory- 
confirmed influenza cases in PICU per 100 000 popu-
lation declined by 100%, from 1.06 during the period 
2014/2015–2019/2020 to 0.00 (figure 2).

Figure 1 ILI weekly rates per 1000 visits during the influenza surveillance period 2020/2021 compared with minimum, mean 
and maximum of previous seasons (2014/2015–2019/2020) for children 0–14 years old. ILI, influenza- like illness.

Figure 2 Annual rates of laboratory- confirmed influenza cases in PICU per 100 000 population (2014/2015–2020/2021), 
stratified by age group. PICU, paediatric intensive care unit.
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IMD
The mean annual rate of IMD cases per 100 000 children 
aged 0–14 during the period 2014–2019 was 1.38. A signif-
icant decrease of 70% was observed during 2020–2021 
yielding a mean annual incidence of 0.41. More specifi-
cally, the decrease in the mean annual rate was 67% and 
76% for ages 0–4 and 5–14, respectively (online supple-
mental figure S2).

Descriptive statistics of monthly IMD rates per 100 000 
population are presented in table 1. The median of 
monthly incidence rates of the period March 2020–May 
2021 was 0.02, which is considerably lower than the 

one of the period from January 2014 to February 2020 
(0.10). IMD monthly rates during the period 2020–2021 
compared with the mean monthly rates of the years 
2014–2019 are shown in figure 3. On applying inter-
rupted time series analysis there was no change in the 
trend between the periods 2014–2019 and 2020–2021. In 
order to examine the potential impact of MenB immu-
nisation after 2014, the analysis was repeated using data 
from 2009. A consistent trend of decrease was observed 
throughout the examined period, with no significant 
trend change (figure 4).

DISCUSSION
Influenza and IMD represent important vaccine- 
preventable diseases with a high disease burden in 
children aged under 15 years.19 The incidence of both 
diseases has shown notable reduction, mainly among 
adults so far, following the implementation of COVID- 19 
restrictions, not only in Europe but also worldwide.7–9 15–17 
In this study, a significant decline was observed in the 
number of recorded ILI and influenza- related PICU 
cases, as well as confirmed IMD cases among children 
0–14 years old during the period 2020–2021 compared 
with previous years (2014–2019). As in many countries, 
influenza remained at an all- time low in Greece during 
the period 2020/2021, while no circulation of influenza 
was detected this past winter. A considerable decrease 
was also observed in the incidence of IMD since March 
2020, although there was no significant change in the 
trend. IMD cases in Greece have been steadily declining 
since 2013, coinciding with the introduction of the MenB 
vaccine in March 2014. Interestingly, the number of 
MenB vaccinations has also declined since March 2020 
(data not shown), suggesting that they might not have 
contributed to the excess reduction of IMD cases during 

Table 1 Summary statistics of monthly IMD rates per 100 
000 population

Period

Number 
of 
months

Median of monthly 
IMD rates per 100 000 
population (IQR)

Ages 0–14

  January 2014–
February 2020

73 0.10 (0.05–0.15)

  March 2020–May 
2021

16 0.02 (0.00–0.05)

Ages 0–4

  January 2014–
February 2020

73 0.19 (0.00–0.37)

  March 2020–May 
2021

16 0.00 (0.00–0.19)

Ages 5–14

  January 2014–
February 2020

73 0.00 (0.00–0.10)

  March 2020–May 
2021

16 0.00 (0.00–0.00)

IMD, invasive meningococcal disease .

Figure 3 IMD monthly rates per 100 000 children aged 0–14 years during the period 2020–2021 compared with minimum, 
mean and maximum of previous seasons (2014–2019). IMD, invasive meningococcal disease.
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the period 2020–2021. Α recent study in France showed 
that the observed decrease of IMD during lockdown 
mainly involved the highly transmissible and hyperin-
vasive isolates, indicating decreased direct transmission 
between subjects.16

Measures used to reduce the transmission of an 
airborne agent are expected to decrease the circulation 
of other respiratory pathogens. The decline in the inci-
dence of influenza and IMD did indeed coincide with the 
implementation of non- pharmaceutical interventions 
(NPIs) that aimed to mitigate SARS- CoV- 2 transmission. 
Governmental strategy regarding those interventions in 
Greece, has been changing during the past 18 months of 
the pandemic based on the epidemiological data. School 
closures were first announced in March 2020 and distance 
learning remained for the most part of 2021, possibly 
contributing to the reduction of influenza and IMD circu-
lation among children. Since school- aged children play a 
key role in the transmission of seasonal influenza,18 this 
reduction probably also affected its incidence in adults. 
Other measures that might also have contributed to the 
decreased incidence of both diseases in children include 
mask wearing, parental teleworking, physical distancing, 
travel restrictions and limitation of social gatherings. The 
lower basic reproduction number (R

0
) of influenza20 and 

IMD21 compared with that of SARS- CoV- 2, is a possible 
explanation for the much stronger impact that those 
measures had on their transmission. Few recent studies 
have shown a decrease in multiple respiratory agents.22–26 
Interestingly, a case series study, that investigated hospi-
talisation rates of children under the age of 2 years due 
to lower respiratory infections, revealed a significant 
reduction in hospitalisation mainly caused by envel-
oped viruses. Incidence of unenveloped viruses such as 
rhinoviruses/enteroviruses did not show such impressive 
decrease.26

Another contributing factor to the observed decline 
of the number of influenza cases could be the reduction 
of healthcare utilisation.27 The number of visits of both 
age groups reported by the Sentinel surveillance system 
has in fact decreased during the period 2020/2021. 
However, the ILI rates per 1000 visits have also declined 
notably, showing that the decreased number of reported 
cases reflects an actual lack of infections. As far as IMD is 
concerned, due to the severity of the disease, healthcare- 
seeking behaviour is unlikely to be affected by the 
pandemic.

The possibility of an influenza pandemic,28 as well as 
the unpredictable epidemiology of IMD,14 highlight the 
importance of these findings. Given the concerns that 
the influenza season would coincide with the pandemic 
or that COVID- 19—like other viral infections—could be 
linked with an increase in IMD cases, the reduced inci-
dence of both diseases has been reassuring. However, 
due to the low circulation of respiratory pathogens, 
population susceptibility has possibly increased over the 
past months and thus some researchers predict large 
outbreaks in the near future with possible shift of the 
usual seasonality of viral infections.29 30 This becomes 
more evident by the unexpected resurgence of Respira-
tory Syncytial Virus (RSV) after its initial decline during 
the COVID- 19 pandemic.30–33 The upcoming 2021–2022 
endemic period remains unknown and will possibly be 
influenced by the burden of COVID- 19 and the extent of 
NPI use. Nonetheless, influenza immunisation is highly 
recommended this coming autumn in the Northern 
hemisphere. Although the very low previous influenza 
season in 2020–2021 may have impacted the identifi-
cation of emerging circulating strains endangering the 
influenza vaccine effectiveness, it is important to stress 
that vaccination is the most effective way to reduce the 
influenza- related disease burden.34 At the same time, the 
knowledge gained by the COVID- 19 pandemic regarding 
the value of specific NPIs in the control of respiratory 
pathogens’ transmission is a powerful tool for future 
prevention and management of both influenza and IMD, 
especially for high- risk populations.

A strength of this study is that the data used were 
derived from a nationwide surveillance system that 
existed before the emergence of COVID- 19, allowing reli-
able comparisons between the different periods. Further-
more, our study focuses on the impact that COVID- 19 
restrictions had on the incidence of influenza and IMD 
specifically in the paediatric population, which is partic-
ularly affected by both diseases, in terms of transmission 
as well as morbidity.

However, there are several limitations that need to be 
acknowledged. There is lack of data regarding laboratory- 
confirmed influenza cases and consequently information 
on prevalent types and subtypes. Laboratory surveillance 
data of influenza in Greece are collected solely by the two 
National Reference Laboratories, which are not neces-
sarily representative of the total number of influenza 
tests that are conducted. Secondly, due to the ecological 

Figure 4 Monthly IMD rates per 100 000 population for 
ages 0–14, interrupted by vaccination programme (January 
2014) and COVID- 19 pandemic (March 2020). IMD, invasive 
meningococcal disease.
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nature of this study, causality between the interventions 
and the decreased incidence of the two diseases cannot be 
determined. However, temporal association and biolog-
ical plausibility make it a compelling hypothesis. Finally, 
the Sentinel data used in this study were based on clini-
cians’ reports. It is, therefore, possible that the number 
of influenza cases is underestimated due to lower disease 
reporting rates during the pandemic.

To conclude, maintaining the wide use of NPIs has 
shown to be effective in mitigating the transmission of 
respiratory agents in the community. Nevertheless, the 
dynamics of infectious diseases remain ever- changing 
and it is vital that we remain vigilant. Therefore, ongoing 
surveillance, as well as vaccinations, are of great impor-
tance in order to reduce the burden of influenza and 
IMD on the already overwhelmed healthcare systems.
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