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data collection instruments, collected data, and contribu
tent. All authors approved the final manuscript as subm
able for all aspects of the work.

https://doi.org/10.1016/j.ajic.2021.06.002
0196-6553/© 2021 Association for Professionals in Infect
A B S T R A C T

Background: The study aimed to evaluate the distribution of circulating respiratory viral pathogens other
than severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) during the first year of the coronavirus
disease-2019 (COVID-19) pandemic with especially focusing on the effects of the national-based mitigation
strategies.
Methods: This single-center study was conducted between March 11, 2020-March 11, 2021. All children who
were tested by polymerase chain reaction on nasopharyngeal swabs for SARS-CoV-2 and other common
respiratory viral pathogens were included in the study.
Results: A total of 995 children with suspected COVID-19 admitted to the study center. Of these, 513 patients
who were tested by polymerase chain reaction for both SARS-CoV-2 and common respiratory viral pathogens
were included in the final analysis. Two hundred ninety-five patients were (57.5%) male. The median age was
3 years of age (27 days-17 years). A total of 321 viral pathogens identified in 310 (n: 310/513, 60.4%) patients,
and 11 of them (n: 11/310, 3.5%) had co-detection with more than 1 virus. The most common detected virus
was rhinovirus (n: 156/513, 30.4%), and SARS-CoV-2 (n: 122/513, 23.8%) followed by respiratory syncytial
virus (n: 18/513, 3.5%). The influenza virus was detected in 2 patients (0.4%). A total of 193 patients were neg-
ative for both SARS-CoV-2 and other pathogens.
Conclusions: There is a decline in the frequency of all viral pathogens like SARS-CoV-2 in correlation with the
national-based mitigation strategies against COVID-19 during the pandemic.
© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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Since the beginning of the coronavirus disease-2019 (COVID-19),1

it has become one of the worst infectious disease pandemics of recent
times.2 Up to March 2021, more than 115 million confirmed cases of
COVID-19 with 2,560,287 deaths were reported worldwide.3

Before the COVID-19 pandemic, respiratory pathogens such as
influenza, parainfluenza, respiratory syncytial virus (RSV), human
metapneumovirus (hMPV), and human coronavirus are reported to
be responsible for the respiratory tract infections in children.4-6 For
now, it has also been reported of co-infections of severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) and other respiratory
pathogens.7-11 There are some studies that revealed a general reduc-
tion in the prevalence of other seasonal respiratory viruses that are
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attributed to the preventive measures for COVID-19.12-14 Moreover,
the impact of the national based mitigation strategies including lock-
downs, suspension of the schools, mandatory facial mask usage also
which would change the viral pathogens circulating during the pan-
demic is not obvious.

This descriptive study aimed to evaluate the distribution of respi-
ratory viral pathogens other than the SARS-CoV-2 during the first
year of the COVID-19 pandemic with especially focusing on the
effects of the national based mitigation strategies on the circulating
respiratory viral pathogens.

METHODS

This single-center cross-sectional study was conducted in the Uni-
versity of Health Sciences Dr Behçet Uz Children’s Hospital with a
360-bed tertiary care hospital in _Izmir, Turkey, from March 11, 2020,
to March 11, 2021. This hospital is a pediatric referral center in the
Aegean Region of Turkey with annual approximately 600,000 outpa-
tients and 24,000 hospitalizations.

All children (≤18 years old) who were tested by polymerase chain
reaction (PCR) on nasopharyngeal swabs for SARS-CoV-2 and other
common human respiratory tract pathogens were included in the
study.

Diagnosis of COVID-19 was documented by quantitative real-time
reverse transcriptase-PCR positivity with detection of was positive
for SARS-CoV-2 with detection of double targets, N-gene and ORF
ab1 region at cycling threshold value under 35 cycles [SARS-CoV-2
(2019-nCoV) qPCR Detection Kit, Bio-Speedy, Turkey].15 The detec-
tion of the respiratory viruses was performed by the multiplex real-
time PCR assay (Bosphore Respiratory Pathogens Panel Kit V4, Anato-
lia Geneworks, Turkey) that is capable of identifying viral pathogens
including influenza viruses (influenza A, pandemic H1N1 influenza A,
seasonal H1N1 influenza A, and influenza B), parainfluenza viruses
(PIVs; PIV-1, PIV-2, PIV-3, and PIV-4), human coronaviruses (CoV
OC43, CoV NL63, CoV HKU1, and CoV 229E), RSV A/B, rhinovirus,
hMPV, enterovirus, bocavirus, adenovirus, and parechovirus. For
detection of respiratory viruses’ specific master mix reagents which
include targeted genomic regions of microorganisms were used and
cycling threshold values under 35 cycles was considered as
positive.16

Demographic and microbiological data of the patients were
obtained from hospital medical records. Statistical analysis was per-
formed using SPSS statistical software (version 22; SPSS, Chicago, IL).
Measurement data with normal distribution are expressed as mean
§ standard deviation (mean § SD).

Timeline of national mitigation strategies

In Turkey, the first case of COVID-19 was announced on March 11,
2020.17 As a result of pandemic, some preventive measures were
implemented by Ministry of Health. First, face-to-face educations in
primary, secondary, and high schools were suspended since March
16, 2020.18 On April 3, 2020, children were restricted from leaving
their houses which achieved to reduce their contact with each other
and with society. In addition to the lockdown, mandatory face mask
usage in public areas is a general rule among the country, since April
3, 2020.19 On October 12, 2020, face-to-face education was started in
all primary schools, and 8th and 12th classes of secondary schools.
However, on November 17, 2020, face-to-face educations in all
schools were suspended again because of the increased numbers of
COVID-19 cases.20 Considering the number of COVID-19 cases, cur-
fews measures were implemented between April 11, 2020 and June
01, 2020, on weekends in Turkey. Although this restriction is left on
June 1, 2020, it was started to be applied again on November 17,
2020. Children were allowed to leave their house on particular days
of the week and particular hours of the day for less than 4 hours dur-
ing the curfews.

This study was approved by the Local Ethical Committee of Uni-
versity of Health Science Dr. Behcet Uz Children's Training and
Research Hospital.

RESULTS

During the study period, a total of 995 children with suspected
COVID-19 admitted to the study center. Of these, 513 patients who
were tested by PCR for both SARS-CoV-2 and other common respira-
tory viral pathogens were included in the final analysis. Two hundred
ninety-five patients were (57.5%) male and 218 patients (42.5%) were
female. The median age was 3 years of age (ranging from 27 days of
life to 17 years of age). One hundred sixty-nine patients (32.9%) of
the patients were younger than 1 year of age, 132 patients (68.0%)
were under 6 years of age, and 98 patients (18.1%) were older than
12 years of age.

Of 513 patients, 122 (23.8%) were positive for SARS-CoV-2. The
mean age of these patients with COVID-19 was 7.2 § 5.8 years (rang-
ing from 27 days to 17 years) and the mean age of patients with nega-
tive SARS-CoV-2 was 4.5 § 4.8 years (ranging from 28 days to 17.5
years). The difference of the patients’ ages was significantly higher in
children with COVID-19 (P < .05).

A total of 321 viral pathogens including respiratory viral pathogen
and/or SARS-CoV-2 were identified in 310 (n: 310/513, 60.4%)
patients and of them 11 (n: 11/310, 3.5%) had co-detection with
more than 1 virus. A total of 193 (37.6%) patients were negative for
both SARS-CoV-2 and the other viral pathogens.

During the study period, the most common detected viral patho-
gen was rhinovirus (n: 156/513, 30.4%), and SARS-CoV-2 (n: 122/513,
23.8%) followed by RSV (n: 18/513, 3.5%) and enteroviruses (n: 9/513,
1.7%). Remarkably, the influenza virus was detected in only 2 samples
(0.4%) with influenza infection at the first month of the pandemic. A
total of 193 patients were negative for both SARS-CoV-2 and other
pathogens. The distribution of the detected viral pathogens was
shown in Table 1.

Among 122 patients with COVID-19, 10 (8.2%) was also positive
for other respiratory viruses including rhinovirus in 6 patients, fol-
lowed by RSV, enterovirus, adenovirus, and hMPV for one each
patient associated with COVID-19 infection. In 1 patient with nega-
tive SARS-CoV-2, was detected as positive of both parechovirus and
rhinovirus

As summarized in Figure 1, during the period March to August,
2020, a wide spectrum of viral pathogens was observed at the hospi-
talized children whereas since September 2020, we observed only
viral respiratory infections related to either rhinovirus or SARS-CoV-
2. As seen in Figure 1, with the increasing implementation of curfew
and lockdown measures, a decrease in the frequency of spreading
viruses was observed. Another noticeable finding is that spread of
respiratory viral pathogens other than SARS-CoV-2 and rhinovirus
have almost disappeared. The only influenza infections were
observed at March 2020 at the initial phase of COVID-19 pandemic
and no influenza virus was detected at the 2020 late fall-winter
period.

DISCUSSION

In this study, co-detection with other viral respiratory pathogens
in children with SARS-CoV-2 infections was found to be 8.2%. In chil-
dren with suspected COVID-19 during the pandemic period, the most
common detected viral respiratory pathogens were rhinovirus
(30.4%), SARS-CoV-2 (23.8%) followed by RSV (3.5%) and enterovi-
ruses (1.7%). Remarkably, influenza virus detected only in 2 children
which were found to be in the initial period of pandemic. There is a



Table 1
The distribution of the viral pathogens at the patients during COVID-19 pandemics

Detected viral agents Frequency of detected viral agents (n) Percentage of viruses among
detected viral agents (%) n: 321*

Percentage of viruses detected in
patients included in the study (%) n: 513*

SARS-CoV-2 122 38 23.8
Rhinovirus 156 48.6 30.4
RSV 18 5.6 3.5
Enterovirus 9 2.8 1.7
Human metapneumovirus 7 2.18 1.4
Adenovirus 7 2.18 1.4
Parainfluenza 5 1.55 1.0
Bocavirus 2 0.6 0.4
Coronavirus OC43 2 0.6 0.4
Influenza virus 2 0.6 0.4
Paraechovirus 1 0.3 0.2
Negative PCR results 193 37.6
Total 524*

PCR, polymerase chain reaction; RSV, respiratory syncytial virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.
*A total of 11 patients had co-detection with more than 1 virus.

Fig 1. Distribution of spreading viruses during coronavirus disease-2019 pandemic.
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decline in the frequency of all viral pathogens like SARS-CoV-2 in cor-
relation with the national-based mitigation strategies against COVID-
19 during the pandemic.

The studies focusing on viral co-infections with SARS-CoV-2 are
mostly in adults. Some studies generally show the rates of co-infec-
tion as 3.2%-4.3%.21,22 In another study, of 21 patients infected with
SARS-CoV-2, 2 samples were also positive for influenza A (9.5%) and
1 positive for PIV-3 (4.76%).23 Wu et al reported that a total of 19
patients (51.35%) among the 34 pediatric patients with COVID-19
were also positive for other common respiratory pathogens.9 In
another study from China, which included 20 pediatric patients,
found the rate of co-infection to be 40%.24 In the current study, co-
detection with other viral pathogens and SARS-CoV-2 in children
was found to be as 8.2% and rhinovirus was the most common co-
detected virus. According to a review that evaluated several aspects
of co-infection in COVID-19 comprehensively, overall the co-infection
frequency with other viral pathogens was detected low, and rhinovi-
rus/enterovirus, respiratory syncytial virus, and influenza viruses
were more detected common co-virus pathogens.11

Interestingly, the current study showed influenza virus positivity
in only 2 patients (0.4%) during the study period. This result is
extremely low that influenza viruses are one of the most detected
pathogens in patients with respiratory infections. As an example,
according to the previous study which was conducted at the same
center before the pandemic, 131 patients were hospitalized for influ-
enza-related lower respiratory tract infections between January 2016
and March 2018.25 This decrease in influenza rate is thought to be
related to the infection control measures performed to reduce the
spreading of SARS-CoV-2. Data from the countries in Southern Hemi-
sphere indicated also decreased influenza activity mostly due to the
widespread mitigation measures.26 In our country, influenza vaccina-
tion is not mandatory and influenza vaccine shortage was present
due to the high demand during the pandemic. Thus, the low influenza
detection rate in our country might be as a result of the suspending of
the schools throughout the COVID-19 pandemic at the winter period.

In this study, RSV was detected in 3.5% of the patients that was
similar to recent studies which showed the detection rates of RSV
approximately 3%−9%.10,27,28 Moreover, some studies also pointed
out a decline in the incidence of RSV detection similar to our
findings.13,14 According to a study which aimed to describe the effects
of the nationwide lockdown strategy on the incidence of influenza A,
influenza B, and RSV infections among children in Finland, influenza
and RSV seasons ended more rapidly compared with previous sea-
sons among the pediatric population in 2020.13 Yeoh et al revealed
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that incidence of RSV and influenza declined as 98% and 99.4%,
respectively, after the initiation of local COVID-19 restrictions com-
pared with data of prepandemic years.14

Studies have reported the declined rates of infectious diseases
during the pandemic such as influenza, chickenpox, herpes zoster,
rubella, or measles which have transmission route of droplet and/or
airborne.29-31 However, according to the literature, rhinovirus-
related respiratory tract infection outbreaks continue to be seen
especially in children.32 In this study, it was detected that rhinovirus
is the most common pathogen during the pandemic as shown in
Figure 1. While there is a decline in rates of other viral pathogens
during the pandemics, the spread of the rhinovirus seems to be as
unaffected and so it is still the most frequently detected pathogen
during the study year. Leung et al identified that the viruses in coughs
and exhaled breath of children and adults with acute respiratory ill-
ness by seasonal human coronaviruses, influenza viruses, and rhino-
viruses.33 According to this study, surgical face masks significantly
reduced the detection of influenza virus RNA in respiratory droplets
and coronavirus RNA in aerosols, but for rhinovirus, there were no
significant differences between detection of virus with or without
surgical face masks, both in respiratory droplets and in aerosols.33

These findings support the results of our study.
After a short time after the first announcement of the first COVID-

19 case in Turkey, the schools including day care centers, primary
and high schools were suspended, and later the daily care centers
were also suspended. In addition, facial mask was set to be manda-
tory even in the social daily lifetime. These measures reduced the fre-
quency of all viral respiratory pathogens as well as SARS-CoV-2. The
correlation between the number of cases and the rigidity of limitation
strategies is seen in Figure 1. Thus the viral pathogens which are
expected be more contagious in the crowded placed were not
observed during COVID-19 pandemic.

There are several limitations of this study due to its retrospective
design and including only a single pediatric center. Moreover, data of
this study include only hospitalized pediatric patients and the find-
ings may not be attributed to the whole population. However, we
must emphasize that the present study includes one of the largest
pediatric population which may give an opinion about the distribu-
tion in population. From the beginning of the COVID-19 pandemic,
most of the hospitals preferred only performing PCR tests for SARS-
CoV-2, instead of other viral pathogens due to more efficient use of
resources and laboratories and safety precautions. Thus this study
provides the first and initial sight of view about the distribution of
other viral respiratory pathogens during the SARS-CoV-2 outbreak in
pediatric patients in Turkey.
CONCLUSIONS

In conclusion, rates and distribution of detected concomitant viral
respiratory tract pathogens with SARS-CoV-2 are similar with adults
and are not as much higher than early reports during the initial
period of pandemic. In addition, the circulating viruses during the
COVID-19 pandemic can change due to multifactorial factors includ-
ing season, geographical variance, and also the national mitigation
strategies in which changed the distribution of the viruses them we
expected or observed in the previous year.
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