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Abstract 
Introduction: Acute lower respiratory tract infections (ALRTIs) are the commonest cause of mortality in children mostly attributed to 
respiratory viruses. During the coronavirus disease 2019 (COVID-19) pandemic, the dynamics and transmission of infections changed 
worldwide due to widespread public health measures. This study aimed to understand the pattern of respiratory viruses associated with ALRTIs 
in children pre and during COVID-19 pandemic in India.  
Methodology: Respiratory samples were collected from ALRTI patients during pre-pandemic period (October 2019 to February 2020; n = 
166), Delta (July 2021 to December 2021; n = 78) and Omicron wave (January 2022 to July 2022; n = 111). Samples were screened for 
Influenza (Inf) A pdmH1N1, InfA H3N2, InfB, respiratory syncytial virus (RSV), human metapneumovirus (hMPV), human bocavirus (hBoV), 
human rhinovirus (hRV), and parainfluenza virus (PIV-2 and PIV-3) by nucleic acid amplification techniques (NAATs). 
Results: Significantly higher proportion of children with ALRTIs had virus/es isolated during pre-pandemic period than during mid-pandemic 
period [78.9% (131/166) vs. 52.9% (100/189); p < 0.001). RSV positivity was significantly higher (51.2%) in pre-pandemic period than 10.3% 
and 0.9% during the Delta and Omicron waves respectively. No significant difference in positivity rate of Inf A pdmH1N1, Inf A H3N2 and 
Inf B was seen. The increase in positivity of hRV (39.2% vs 42.3% vs 56.8%) and hBOV (1.2% vs 5.1% vs 9%) was documented in pre-
pandemic, delta wave and omicron wave respectively.  
Conclusions: The COVID-19 pandemic significantly impacted the frequency and pattern of respiratory viruses among hospitalized children 
with ALRTIs in India. 
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Introduction 

Acute respiratory infections (ARIs) are one of the 
most frequent causes of pediatric consultations [1]. 
Majority of the infections with mild illness belong to 
the upper respiratory tract, whereas acute lower 
respiratory tract infections (ALRTIs) frequently lead to 
severe illness [acute viral bronchiolitis (AVB) and 
pneumonia] requiring hospitalization. ALRTIs are 
estimated to be responsible for nearly 2.3 million deaths 
worldwide, ranking as the sixth top cause of death 
across all age groups and the leading cause of death of 
children under the age of five [2]. Viruses are the 
predominant etiological agents for ALRTI [3]. Studies 
on community acquired pneumonia (CAP) attributed 
respiratory syncytial virus (RSV), influenza virus, 

parainfluenza virus (PIV), human metapneumovirus 
(hMPV), and human rhinoviruses (hRV) as the cause of 
nearly 80% of infections in children below 2 years of 
age [4].  

Infections due to RSV and influenza viruses 
commonly occur during the winter months. In Europe, 
RSV accounts for nearly 40% of hospital admissions 
due to ARIs in children < 2 years of age [5]. In India, 
RSV associated ALRTI rates in the community for 0-
11 months of age was 22.4 (18.6-27.0)/1000 children 
per year and amongst the hospitalized patients, the rate 
was 14.1 (11.1-17.8)/1000 children [6]. In India there 
are nearly 16 million influenza cases among children 
less than 5 years of age [7] with estimated annual 
influenza-associated respiratory mortality rates in < 5 
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years age group at 9.8 (95% CI = 0-21.8) 
deaths/100,000 population [8]. PIV (types 1 to 4) are 
known to cause ARIs in the pediatric population. PIV-
3 infections are often associated with severe 
manifestations including AVB and pneumonia [9]. A 
study by Sumit Bhardwaj et al. screened PIV1-4 in 
9613 symptomatic patients in pre-pandemic years 
between January 2017 and March 2020 and revealed a 
positivity rate of PIV1-4 in 3.2% of the samples [10]. 
hMPV causes ALRTIs in young children with a 
disproportionately higher mortality in infants 0-5 
months of age and accounts for approximately 58% of 
hospital admissions and 71% of in-hospital deaths in 
children under 5 years of age [11]. A prospective study 
from India detected hMPV in 3% of the respiratory 
samples from children with ARI and 33% hMPV 
infected children required hospital admission for 
management of pneumonia or bronchiolitis [12]. A 
study in North India identified hBOV positivity in 7.2% 
of ARI patients [13], however, in South India hBOV 
was detected in 2/300 children with ARI [14].  

In March 2020, the World Health Organization 
(WHO) declared the coronavirus disease 2019 
(COVID-19) as a pandemic caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
[15]. To prevent the spread of infection throughout the 
world, numerous infection control and public health 
initiatives were put in place, including social 
segregation, stay-at-home directives, school and office 
closures, travel bans, border closures, and numerous 
other non-pharmaceutical interventions (NPIs), such as 
the use of masks and good hand hygiene. These 
interventions impacted the pattern and spread of other 
viruses as well. Sharma et al. described a drastic 
reduction in dengue cases in 2021 by 55–65% with the 
advent of COVID-19 wave across the globe and 
associated the same with the alteration of human 
behavioral practices [16]. In addition, there was an 80% 
reduction in tuberculosis incidence in India as a result 
of COVID-19 lockdown [17]. Jesus et al. noted a 
reduction > 70% in hospital admissions of infants with 
AVB [18]. Yeoh et al. have demonstrated a substantial 
reduction of RSV and influenza positivity during the 
pandemic period in comparison to pre-pandemic 
period. RSV and influenza positivity dropped from 
23%-30% and 3.6%-16% in pre-pandemic period to 
0.28% and 0.03% in the post-pandemic period, 
respectively [19]. According to Van Brusselen et al. 
there was 99% reduction in RSV cases and 92.5% less 
AVB related hospitalisations in Belgium since the 
pandemic onset [20].  

There is paucity of literature on the disease burden 
of respiratory viruses among children hospitalised due 
to ALRTIs in India during the pandemic. Therefore, the 
current study was planned to determine the impact of 
the COVID-19 pandemic on the epidemiology, 
frequency, and pattern of respiratory viruses in 
hospitalized children with ALRTIs. 

India reported the first case of COVID-19 on 
January 30, 2020 in Kerala. However, during the 
second wave of SARS-CoV-2 in India, the emergence 
of the SARS-COV-2 variant of concern (VOC) 
triggered intensive genomic surveillance across the 
country [21]. India witnessed the deadly second wave 
of COVID‐19 as well as break through infections due 
to the Delta variant from April 8, 2021 onwards [22] 
and the predominance of Delta and Delta AY.1 variants 
in 92.05% of the sequenced samples in north Indian 
states post Delta wave emergence were reported [21]. 
South Africa reported the emergence of a new SARS-
CoV2 variant that was named Omicron (B.1.1.529) on 
November 24, 2021 and this was designated by the 
WHO as the sixth VOC [23]. India was hit by a third 
wave due to SARS-CoV2 Omicron variant in January 
2022 with sudden upsurge of cases [23]. Hence, the 
period of July 2021 to December 2021 in north India 
was categorized as the period of Delta wave and 
January 2022-July 2022 as the period of Omicron wave. 

 
Methodology 

This study involved three time periods: pre-
pandemic period (October 2019 to February 2020), 
Delta wave pandemic period (July 2021 to December 
2021) and Omicron wave pandemic period (January 
2022 to July 2022). Children aged between 1 month and 
12 years admitted in pediatric emergency, pediatric 
intensive care unit (PICU) and the wards of the 
Department of Pediatrics at Postgraduate Institute of 
Medical Education & Research, Chandigarh with the 
clinical diagnosis of ALRTIs [AVB (Acute Viral 
Bronchiolitis), pneumonia, acute respiratory distress 
syndrome (ARDS)] and negative for SARS-CoV2 
during the pandemic period were enrolled for the study. 
Nasopharyngeal swabs (NPS)/aspirates (NPA) or 
endotracheal aspirates (ETA) were sent to the Regional 
Viral Research and Diagnostic Laboratory (RVRDL), 
Department of Virology for screening of respiratory 
viruses. Children with acute bronchial asthma 
exacerbations and pneumonia of non-infectious causes 
were excluded. The institute Ethics Committee 
(INT/IEC/2022/Study-579) approved the study.  

The NPS or NPA or ETA were collected by trained 
health personnel within 12 hours of admission in viral 
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transport medium (VTM) vial and transported under 
cold chain to the virology laboratory for molecular 
investigation of respiratory viruses, i.e., RSV, Influenza 
A pdmH1N1, influenza A (H3N2), influenza B, hMPV, 
hBoV, PIV-2, PIV-3, and hRV. The samples were 
subjected to nucleic acid extraction using QIAamp 
Viral RNA Mini Kit (Qiagen, Heidelberg, Germany) 
and the extracted RNAs were reverse transcribed 
utilizing high-capacity cDNA reverse transcription kits 
(Life Technologies, Massachusetts, USA). 
Amplifications of seasonal influenza A, pandemic 
influenza A H1N1, and influenza B were screened by 
one step Real Time Polymerase chain reaction RT-PCR 
method using commercially available TRUPCR 
H1N1/H3N2 with Inf B kit following manufacturer’s 
instructions (BlackBio Biotech, Bhopal, India). Quality 
of the extracted nucleic acid was assessed through 
amplification of Ribonuclease P gene, which is an 
integral component of influenza screening. The 
nucleocapsid genes of RSV, PIV-2 and PIV-3 were 
targeted to screen for presence of genomes in 
complementary DNA by the method reported by Bharaj 
et al [24]. Amplification of RSV was done in monoplex 
single tube format whereas for the amplification of PIV-
2 and PIV-3, multiplex PCR was used. The viral 
genome of hMPV was detected in clinical samples by 

using primers as described by Bouscambert-Duchamp 
et al. [25]. In order to detect human rhinovirus, a highly 
conserved 5’ un-translated region of the genome was 
amplified with primers as described by Wisdom et al. 
[26]. The extracted DNA was subjected to conventional 
PCR using Hotstart Hi-Fidelity Taq polymerase 
targeting hBOV NP1 gene for screening of human 
bocavirus DNA in clinical samples [27]. The primer 
sequences and expected amplified products are 
mentioned in Supplementary Table 1. The amplified 
DNA fragments were identified on a 2% agarose gel 
with ethidium bromide and visualized under a UV 
transilluminator.  

 
Statistical analysis 

Data entry and statistical analysis were done by 
using Statistical Package for the Social Sciences SPSS 
25.0 software. Categorical variables were expressed as 
numbers and percentages. Comparison of categorical 
variables was performed using the Fisher exact test and 
χ2-test. The comparison was done over three time 
periods regarding the percentage positivity for viruses; 
positivity for influenza and other non-influenza viruses 
(RSV, hMPV, hBoV, PIV, and hRV). All the tests were 
two‐tailed, and a p value of < 0.05 was considered 
statistically significant.  

Table 1. Virus positivity results during pre-pandemic and pandemic periods (Delta and Omicron waves) among children with acute lower 
respiratory tract infections. 

Viruses screened 

Pre-pandemic period 
October 2019- 
February 2020 
[A] (n = 166) 

Pandemic period p value 
Delta wave 

July-December 2021 
[B] (n = 78) 

Omicron wave 
January-July 2022 

[C] (n = 111) 
A vs. B A vs. C B vs. C 

Individual virus positivity rates 
Inf A H3N2 7.2% (12) 5.1% (4) 2.7% (3) 0.782 0.174 0.450 
Inf A H1N1 0 0 0.9% (1) 1 0.401 1 
Inf B 1.2% (2) 3.8% (3) 0 0.331 0.518 0.069 
RSV 51.2% (85) 10.3% (8) 0.9% (1) 0.0001*** 0.0001*** 0.004** 
hMPV 0.6% (1) 2.6% (2) 7.2% (8) 0.240 0.003** 0.202 
hBoV 1.2% (2) 5.1% (4) 9% (10) 0.085 0.004** 0.404 
hRV 39.2% (65) 42.3% (33) 56.8% (63) 0.676 0.005** .056 
PIV-2 0.6% (1) 0 0.9% (1) 1 1 1 
PIV-3 4.2% (7) 3.8% (3) 2.7% (3) 1 0.745 0.692 
Virus positivity rate 
Any virus 
isolated 78.9% (131) 48.7% (38) 55.8% (62) 0.0001*** 0.0003*** 0.376 

Viral mono-
infection 54.2% (90) 32% (25) 44.1% (49) 0.0015** 0.111 0.098 

Viral co-infection 24.6% (41) 16.6% (13) 11.7% (13) 0.187 0.008** 0.392 
Age-wise distribution and age specific virus positivity rate 
< 2 months 90% (18/20) 55% (5/9) 53.8% (7/13) 0.055 0.035* 1.00 
2-12 months 78.9% (101/128) 45.2% (24/53) 52% (26/50) 0.0001*** 0.0008*** 0.556 
1-5 years 66.6% (12/18) 66.6% (8/12) 57.14% (16/28) 1.00 0.553 0.729 
> 5 years 0 25% (1/4) 65% (13/20) - - 0.272 

Inf A H3N2: influenza A H3N2 virus; Inf A H1N1: influenza A H1N1 virus; Inf B: influenza B virus; RSV: respiratory syncytial virus; hMPV: human 
metapneumovirus; hBOV: human bocavirus, hRV: human rhinovirus; PIV-2: parainfluenza-2 virus; PIV-3: parainfluenza-3 virus. *: p < 0.05; **: p < 0.01; ***: 
p < 0.001]. 
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Results 
A total of 355 samples from children with ALRTIs 

were tested for respiratory viruses; 166 during pre-
pandemic period (October 2019 to February 2020), 78 
during Delta variant wave (July-December 2021) and 
111 during Omicron variant wave (January-July 2022).  

There was statistically significant reduction in RSV 
positivity from 51.2% (85/166) during pre-pandemic to 
10.3% (8/78) during Delta and 0.9% (1/111) during 
Omicron waves (p < 0.001 for both) (Table 1). There 
was a significant increase in rates of hMPV 0.6% to 
7.2% (p = 0.003); hBoV from 1.2% to 9% (p = 0.004); 
and hRV from 39.2% to 56.8% (p = 0.005) from pre-
pandemic period to that during Omicron wave, 
respectively. There was no difference in positivity rate 
of influenza A H3N2, influenza A pdmH1N1, influenza 

B, PIV-2, PIV-3 during pre-pandemic and pandemic 
periods. During pre-pandemic period, the commonest 
virus isolated was RSV (51.2%); whereas, during 
pandemic period the most common virus isolated was 
hRV (42.3% during Delta wave and 56.8% during 
Omicron wave) in comparison to pre-pandemic period 
with 39.2% positivity. As compared to the pre-
pandemic period, positivity rate for viral etiology was 
significantly lower during the Delta and Omicron 
waves [78.9% vs. 48.7% (38/78), (p < 0.001; and 55.9% 
(62/111), p < 0.001, respectively) (Table 1). 

As rhinovirus is an ubiquitous pathogen and rate of 
asymptomatic infection in infants less than 4 years of 
age could range from 12-32%, hence hRV positivity 
from patient samples leads to a diagnostic dilemma 
[28]. To delineate the impact of SARS-CoV2 

Figure 1. Month-wise time trend of respiratory virus positivity before SARS-CoV2 pandemic and during pandemic. 

Pre-pandemic period (October 2019 to February 2020) denoted as white, pandemic period Delta variant wave (July-December 2021) as green and Omicron 
variant wave (January-July 2022) as magenta. Inf A H3N2: Influenza A H3N2 virus, Inf A H1N1: Influenza A H1N1 virus; Inf B: Influenza B virus; RSV: 
Respiratory Syncytial Virus; hMPV: Human Metapneumovirus, hBOV: human Bocavirus, hRV: human Rhinovirus; PIV-2: Parainfluenza-2 virus; PIV-3: 
Parainfluenza-3 virus. 
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emergence and associated public health restrictions on 
influenza and other pathogenic respiratory viruses, the 
data of the present study was also analysed following 
exclusion of human rhinovirus. Respiratory virus 
positivity except hRV was 21.8% (17/78) and 20.7% 
(23/111) during Delta (p = 0.0002) and Omicron wave 
(p = 0.0003) respectively in comparison to pre-
pandemic period 59% (98/166). Significant reduction 
of viral mono-infection pattern was also observed upon 
analysing the data excluding the hRV during the delta 
wave 12.8% (p = 0.0001) and omicron wave 17.1% (p 
= 0.0001) than pre-pandemic period i.e., 51.2%. 

During the pre-pandemic phase, infants aged < 2 
months had the highest positivity rates (90%, 18/20), 
followed by 2-12 months (78.9%) and 1-5 years 
(66.6%) age groups for virus positivity. However, 
during the Delta wave, maximum positivity was noted 
among children aged 1-5 years (66.6%) followed by < 
2 months (55%), and 2-12 months (45.2%). During 
Omicron wave, the highest viral positivity was noted 
among children aged > 5 years (65%) followed by 1-5 
years (57.1%) (Table 1).  

During the pre-pandemic period, the highest 
proportion of RSV positivity was observed in 
November 2019 [54.1% (33/61)] followed by 
December 2019 [52.8% (28/53)]. During the Delta 
wave, maximum RSV positivity was observed in the 
month of Sept 2021 [30% (4/13)] followed by July 2021 
[14.3% (1/7)] suggestive of significant reduction 
compared to pre-pandemic period. However, during 
Omicron wave, RSV positivity was 7.1% (1/14) only 
seen in February 2022 (Figure 1A). During pre-
pandemic period, hRV positivity rate was 12-51%. 
However, during Omicron wave, July 2022 its rate was 
detected as minimum (25%; 2/8) followed by May 2022 
(81.8%; 9/11) (Figure 1B). Seasonal Inf A H3N2 was 

frequently detected during pre-pandemic period with 
positivity rate of 66.6% (2/3), 8.2% (5/61), 1.9% (1/53), 
8% (2/25) and 8.3% (2/24) during October 2019, 
November 2019, December 2019, January 2020 and 
February 2020, respectively. However, during Omicron 
wave, the positivity of the same was recorded only in 
the month of March 2022 [30% (3/10)] (Figure 1C). 
HBoV was isolated only during the months of 
November 2019 (1.64%, 1/61) and December 2019 
(1.89%, 1/53) during the pre-pandemic period though 
HBOV was consistently isolated during Omicron wave 
ranging from 4.76% to 20% (Figure 1I). 

During the pre-pandemic period (n = 166), out of 
the seven states from where patients were admitted in 
the tertiary care hospital, Punjab showed the highest 
case burden with positivity/total samples screened i.e., 
(54/74) followed by Haryana (37/44) and Chandigarh 
(17/21) (Figure 2A). During the delta wave pandemic 
period and Omicron wave period, samples were 
received from 8 and 6 Indian states respectively (Figure 
2B and 2C). Virus positivity/total samples screened 
from Punjab during delta wave pandemic period and 
Omicron wave period was (17/31) and (25/46) 
respectively. 

 
Discussion 

It is postulated that if infants are exposed to 
infectious agents early in life, then there is a relatively 
lower risk of development of severe disease in later 
phase of life [20]. Even though non-pharmaceutical 
interventions (NPIs) used to curb COVID-19's spread 
may have halted the spread of influenza and other 
respiratory viruses, this may have put us in a precarious 
position for the future because the population that was 
less exposed to respiratory viruses is still susceptible to 
disease because it lacks adaptive immunity to 

Figure 2. State wise distribution of respiratory samples and virus positivity. 

Pre-pandemic period (October 2019 to February 2020) [A], Pandemic period Delta variant wave (July-December 2021) [B] and Omicron variant wave [C]. 
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circulating viruses, which could increase the burden on 
our health care system [20]. Younger individuals in 
sub-Saharan African nations had comparatively low 
SARS-CoV2 morbidity rates, which was explained by 
their prior exposure to cross-reactive viruses, which 
enabled them to develop "trained immunity" to fight 
SARS-CoV2 [29]. During Inf A H1N1 pandemic, hRV 
infections might have delayed the spread of Inf A H1N1 
infection in France and viral interference between 
respiratory viruses has attributed to the same, as they 
both share the same ecological niche [30], and that 
might help in explaining the reduced prevalence of 
other respiratory viruses during the current SARS-
CoV2 pandemic [31]. In a prospective study conducted 
from 2013 to 2016 among patients with ALRTI, the 
infection rate of RSV was 40.68%, and a similar 
incidence, i.e., 51.2%, was recorded during the current 
study's pre-pandemic phase [32]. Studies have shown 
that NPIs such as lockdown and international travel 
restrictions to curb the trajectory of viral pandemics 
might have a profound effect on the prevalence of other 
viruses. NPI control measures during the 1918 
influenza pandemic led to a 38% reduction in measles 
transmission [33] and public health measurements 
taken during the SARS-CoV epidemic in Hong Kong in 
2003 resulted in reduction of influenza virus prevalence 
[34]. Interference between non-influenza respiratory 
viruses (NIRVs) and pdmH1N1 was observed during 
the first wave of pandemic influenza H1N1 2009, with 
NIRV infection rates higher in H1N1pdm negative 
patients than in H1N1pdm infected patients [35]. 

The patients in the current study came from a wide 
geographical area, covering seven states and a union 
territory that are commonly referred to this tertiary care 
hospital in north India. When compared to the pre-
pandemic period (78.9%), there was a significant 
reduction in patients with any confirmed viral etiology 
of the studied viruses during the Delta wave (48.7%) 
and Omicron wave (55.8%) in the current study. While 
hRV was excluded from the current study's analysis, 
virus etiology positivity was 21.8% and 20.7% during 
the Delta and Omicron waves, respectively, compared 
to 59% in the pre-pandemic phase. The current study 
found a significant decrease in RSV infection rates, but 
no change in hRV and hBOV infectivity rates was 
found. The logical explanation for the observation is 
lockdowns and NPIs might not have impacted the 
circulation of non-enveloped viruses such as hRV and 
hBOV, which can be stable for a longer duration outside 
the host, and thus exhibited more forbearance than the 
enveloped ones such as influenza A and RSV [36]. 
Therefore, it is possible that non enveloped respiratory 

viruses escaped NPIs applied during the COVID 
pandemic in terms of hand washing/hand sanitization, 
surface decontamination, making them more prevalent 
in the SARS-CoV2 pandemic phase.  

During the pandemic, infection prevention and 
control strategies for SARS-CoV2 such as mask use, 
enhanced hand hygiene, social distancing, restricted 
travel, closure of schools and day-care centres leading 
to limited exposure to other infants and children, and 
limited access to healthcare settings may have 
contributed to a decrease in the incidence, 
hospitalisation, and burden of respiratory infections. 
These pandemic containment strategies had ancillary 
effects, resulting in a decrease in the spread of other 
viruses with seasonal dynamics. When compared to 
previous years, Switzerland saw a significant reduction 
in almost all recorded infectious diseases during the 
pandemic year [37]. Other viral illnesses, such as 
measles, varicella, and rubella, had a lower burden in 
2020. Although reduction in infectivity rate was 
primarily attributed to COVID control measures, under-
reporting or misdiagnosis could also be inculpated as 
cause as the healthcare system was primarily focused 
on SARS-CoV2 management during the pandemic 
phase [38].  

Since only hospitalized ALRTI patients were 
screened in the current study, this research is not based 
on surveillance, and as a result, it may not fully provide 
insight into the circulating respiratory viruses in the 
community. However, comparable findings indicating 
a decrease in the detection rate of respiratory viruses 
were found in other countries [39,40]. Since there was 
a significant decrease in admissions for AVB in our 
tertiary care hospital from March 2020 to July 2021 (p 
= 0.001) where no patients with AVB required PICU 
management or ventilator support, hence no laboratory 
investigations were requested for respiratory viral 
pathogens, except for SARS-CoV2, by clinicians [41]. 
As a result, the current study was unable to examine the 
burden of influenza virus and other NIRVs during that 
time period.  

A limitation of the study is that the pre-pandemic 
trend of influenza and NIRVs was studied only for a 
period of 5 months before the inception of SARS-CoV2 
pandemic in India. However, it is due to the fact that the 
pediatric hospital of the current study witnessed 
upsurge of ALRTI cases since October 2019 and 
samples were collected for the screening of Influenza 
and other NIRVs. 
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Conclusions 
The study highlights the alteration in circulating 

trend of respiratory viruses commonly associated with 
ALRTI in the pediatric population by comparing their 
incidence during pre-pandemic and pandemic years 
(post Delta wave upsurge and post Omicron wave 
upsurge) in a tertiary care hospital of north India 
catering to a large geographical region. This finding of 
the study possibly indicates that viral interference or 
introduction of NPIs may have played a role in the 
reduced prevalence of other respiratory viruses. The 
study focuses on the potential factors that led to 
containment of flu activity and other non-influenza 
respiratory viruses in this geographical area which in 
future could help in formulating prevention strategies. 

 
 
Acknowledgements 
Authors thank the Regional Virus Research and Diagnostic 
Laboratory (RVRDL), Department of Health Research 
(DHR), and Ministry of Health and Family Welfare 
(MoHFW), Government of India (GoI) for providing 
infrastructure and consumables to carry out the study. 
 
Authors’ contributions 
MK: conception and design of the study, acquisition of data, 
analysis and interpretation of data, drafting the article, final 
approval of the version to be submitted; SS: conception and 
design of the study, acquisition of data, analysis and 
interpretation of data, drafting the article, final approval of 
the version to be submitted; SKA: analysis and interpretation 
of data, drafting the article, final approval of the version to be 
submitted; PS: acquisition of data, analysis and interpretation 
of data; MR: acquisition of data, analysis and interpretation 
of data; IB: conception and design of the study, drafting the 
article; RC: acquisition of data, analysis and interpretation of 
data; BS: acquisition of data, analysis and interpretation of 
data; JM: analysis and interpretation of data, final approval 
of the version to be submitted; RKR: conception and design 
of the study, analysis and interpretation of data, final 
approval of the version to be submitted. 
 
 
References 
1. Thompson M, Vodicka TA, Blair PS, Buckley DI, Heneghan 

C, Hay AD (2013) Duration of symptoms of respiratory tract 
infections in children: systematic review. BMJ 347: f7027-
f7027. doi: 10.1136/bmj.f7027.  

2. Naghavi M, Abajobir AA, Abbafati C, Abbas KM, Abd-Allah 
F, Abera SF, Aboyans V, Adetokunboh O, Afshin A, Agrawal 
A, Ahmadi A, Ahmed MB, Aichour AN, Aichour MTE, 
Aichour I, Aiyar S, Alahdab F, Al-Aly Z, Alam K, Alam N, 
Alam T, Alene KA, Al-Eyadhy A, Ali SD, Alizadeh-Navaei R, 
Alkaabi JM, Alkerwi A, Alla F, Allebeck P, Allen C, Al-
Raddadi R, Alsharif U, Altirkawi KA, Alvis-Guzman N, 
Amare AT, Amini E, Ammar W, Amoako YA, Anber N, 
Andersen HH, Andrei CL, Androudi S, Ansari H, Antonio 

CAT, Anwari P, Ärnlöv J, Arora M, Artaman A, Aryal KK, 
Asayesh H, Asgedom SW, Atey TM, Avila-Burgos L, 
Avokpaho EFG, Awasthi A, Babalola TK, Bacha U, 
Balakrishnan K, Barac A, Barboza MA, Barker-Collo SL, 
Barquera S, Barregard L, Barrero LH, Baune BT, Bedi N, 
Beghi E, Béjot Y, Bekele BB, Bell ML, Bennett JR, Bensenor 
IM, Berhane A, Bernabé E, Betsu BD, Beuran M, Bhatt S, 
Biadgilign S, Bienhoff K, Bikbov B, Bisanzio D, Bourne RRA, 
Breitborde NJK, Bulto LNB, Bumgarner BR, Butt ZA, 
Cahuana-Hurtado L, Cameron E, Campuzano JC, Car J, 
Cárdenas R, Carrero JJ, Carter A, Casey DC, Castañeda-
Orjuela CA, Catalá-López F, Charlson FJ, Chibueze CE, 
Chimed-Ochir O, Chisumpa VH, Chitheer AA, Christopher 
DJ, Ciobanu LG, Cirillo M, Cohen AJ, Colombara D, Cooper 
C, Cowie BC, Criqui MH, Dandona L, Dandona R, Dargan PI, 
das Neves J, Davitoiu D V, Davletov K, de Courten B, Defo 
BK, Degenhardt L, Deiparine S, Deribe K, Deribew A, Dey S, 
Dicker D, Ding EL, Djalalinia S, Do HP, Doku DT, Douwes-
Schultz D, Driscoll TR, Dubey M, Duncan BB, Echko M, El-
Khatib ZZ, Ellingsen CL, Enayati A, Ermakov SP, Erskine HE, 
Eskandarieh S, Esteghamati A, Estep K, Farinha CS e S, Faro 
A, Farzadfar F, Feigin VL, Fereshtehnejad S-M, Fernandes JC, 
Ferrari AJ, Feyissa TR, Filip I, Finegold S, Fischer F, 
Fitzmaurice C, Flaxman AD, Foigt N, Frank T, Fraser M, 
Fullman N, Fürst T, Furtado JM, Gakidou E, Garcia-Basteiro 
AL, Gebre T, Gebregergs GB, Gebrehiwot TT, Gebremichael 
DY, Geleijnse JM, Genova-Maleras R, Gesesew HA, Gething 
PW, Gillum RF, Giref AZ, Giroud M, Giussani G, Godwin 
WW, Gold AL, Goldberg EM, Gona PN, Gopalani SV, Gouda 
HN, Goulart AC, Griswold M, Gupta R, Gupta T, Gupta V, 
Gupta PC, Haagsma JA, Hafezi-Nejad N, Hailu AD, Hailu GB, 
Hamadeh RR, Hambisa MT, Hamidi S, Hammami M, Hancock 
J, Handal AJ, Hankey GJ, Hao Y, Harb HL, Hareri HA, 
Hassanvand MS, Havmoeller R, Hay SI, He F, Hedayati MT, 
Henry NJ, Heredia-Pi IB, Herteliu C, Hoek HW, Horino M, 
Horita N, Hosgood HD, Hostiuc S, Hotez PJ, Hoy DG, Huynh 
C, Iburg KM, Ikeda C, Ileanu BV, Irenso AA, Irvine CMS, 
Islam SMS, Jacobsen KH, Jahanmehr N, Jakovljevic MB, 
Javanbakht M, Jayaraman SP, Jeemon P, Jha V, John D, 
Johnson CO, Johnson SC, Jonas JB, Jürisson M, Kabir Z, 
Kadel R, Kahsay A, Kamal R, Karch A, Karimi SM, 
Karimkhani C, Kasaeian A, Kassaw NA, Kassebaum NJ, 
Katikireddi SV, Kawakami N, Keiyoro PN, Kemmer L, 
Kesavachandran CN, Khader YS, Khan EA, Khang Y-H, 
Khoja ATA, Khosravi MH, Khosravi A, Khubchandani J, 
Kiadaliri AA, Kieling C, Kievlan D, Kim YJ, Kim D, Kimokoti 
RW, Kinfu Y, Kissoon N, Kivimaki M, Knudsen AK, Kopec 
JA, Kosen S, Koul PA, Koyanagi A, Kulikoff XR, Kumar GA, 
Kumar P, Kutz M, Kyu HH, Lal DK, Lalloo R, Lambert TLN, 
Lan Q, Lansingh VC, Larsson A, Lee PH, Leigh J, Leung J, 
Levi M, Li Y, Li Kappe D, Liang X, Liben ML, Lim SS, Liu 
PY, Liu A, Liu Y, Lodha R, Logroscino G, Lorkowski S, 
Lotufo PA, Lozano R, Lucas TCD, Ma S, Macarayan ERK, 
Maddison ER, Magdy Abd El Razek M, Majdan M, Majdzadeh 
R, Majeed A, Malekzadeh R, Malhotra R, Malta DC, 
Manguerra H, Manyazewal T, Mapoma CC, Marczak LB, 
Markos D, Martinez-Raga J, Martins-Melo FR, Martopullo I, 
McAlinden C, McGaughey M, McGrath JJ, Mehata S, Meier 
T, Meles KG, Memiah P, Memish ZA, Mengesha MM, 
Mengistu DT, Menota BG, Mensah GA, Meretoja TJ, Meretoja 
A, Millear A, Miller TR, Minnig S, Mirarefin M, Mirrakhimov 
EM, Misganaw A, Mishra SR, Mohamed IA, Mohammad KA, 
Mohammadi A, Mohammed S, Mokdad AH, Mola GLD, 



Kang et al. – Changing trend of respiratory viruses during COVID     J Infect Dev Ctries 2023; 17(7):961-970. 

968 

Mollenkopf SK, Molokhia M, Monasta L, Montañez JC, 
Montico M, Mooney MD, Moradi-Lakeh M, Moraga P, 
Morawska L, Morozoff C, Morrison SD, Mountjoy-Venning 
C, Mruts KB, Muller K, Murthy GVS, Musa KI, Nachega JB, 
Naheed A, Naldi L, Nangia V, Nascimento BR, Nasher JT, 
Natarajan G, Negoi I, Ngunjiri JW, Nguyen CT, Nguyen Q Le, 
Nguyen TH, Nguyen G, Nguyen M, Nichols E, Ningrum DNA, 
Nong VM, Noubiap JJN, Ogbo FA, Oh I-H, Okoro A, 
Olagunju AT, Olsen HE, Olusanya BO, Olusanya JO, Ong K, 
Opio JN, Oren E, Ortiz A, Osman M, Ota E, PA M, Pacella 
RE, Pakhale S, Pana A, Panda BK, Panda-Jonas S, 
Papachristou C, Park E-K, Patten SB, Patton GC, Paudel D, 
Paulson K, Pereira DM, Perez-Ruiz F, Perico N, Pervaiz A, 
Petzold M, Phillips MR, Pigott DM, Pinho C, Plass D, Pletcher 
MA, Polinder S, Postma MJ, Pourmalek F, Purcell C, Qorbani 
M, Quintanilla BPA, Radfar A, Rafay A, Rahimi-Movaghar V, 
Rahman MHU, Rahman M, Rai RK, Ranabhat CL, Rankin Z, 
Rao PC, Rath GK, Rawaf S, Ray SE, Rehm J, Reiner RC, 
Reitsma MB, Remuzzi G, Rezaei S, Rezai MS, Rokni MB, 
Ronfani L, Roshandel G, Roth GA, Rothenbacher D, Ruhago 
GM, SA R, Saadat S, Sachdev PS, Sadat N, Safdarian M, Safi 
S, Safiri S, Sagar R, Sahathevan R, Salama J, Salamati P, 
Salomon JA, Samy AM, Sanabria JR, Sanchez-Niño MD, 
Santomauro D, Santos IS, Santric Milicevic MM, Sartorius B, 
Satpathy M, Schmidt MI, Schneider IJC, Schulhofer-Wohl S, 
Schutte AE, Schwebel DC, Schwendicke F, Sepanlou SG, 
Servan-Mori EE, Shackelford KA, Shahraz S, Shaikh MA, 
Shamsipour M, Shamsizadeh M, Sharma J, Sharma R, She J, 
Sheikhbahaei S, Shey M, Shi P, Shields C, Shigematsu M, Shiri 
R, Shirude S, Shiue I, Shoman H, Shrime MG, Sigfusdottir ID, 
Silpakit N, Silva JP, Singh JA, Singh A, Skiadaresi E, Sligar 
A, Smith DL, Smith A, Smith M, Sobaih BHA, Soneji S, 
Sorensen RJD, Soriano JB, Sreeramareddy CT, Srinivasan V, 
Stanaway JD, Stathopoulou V, Steel N, Stein DJ, Steiner C, 
Steinke S, Stokes MA, Strong M, Strub B, Subart M, Sufiyan 
MB, Sunguya BF, Sur PJ, Swaminathan S, Sykes BL, Tabarés-
Seisdedos R, Tadakamadla SK, Takahashi K, Takala JS, 
Talongwa RT, Tarawneh MR, Tavakkoli M, Taveira N, 
Tegegne TK, Tehrani-Banihashemi A, Temsah M-H, Terkawi 
AS, Thakur JS, Thamsuwan O, Thankappan KR, Thomas KE, 
Thompson AH, Thomson AJ, Thrift AG, Tobe-Gai R, Topor-
Madry R, Torre A, Tortajada M, Towbin JA, Tran BX, Troeger 
C, Truelsen T, Tsoi D, Tuzcu EM, Tyrovolas S, Ukwaja KN, 
Undurraga EA, Updike R, Uthman OA, Uzochukwu BSC, van 
Boven JFM, Vasankari T, Venketasubramanian N, Violante 
FS, Vlassov VV, Vollset SE, Vos T, Wakayo T, Wallin MT, 
Wang Y-P, Weiderpass E, Weintraub RG, Weiss DJ, 
Werdecker A, Westerman R, Whetter B, Whiteford HA, 
Wijeratne T, Wiysonge CS, Woldeyes BG, Wolfe CDA, 
Woodbrook R, Workicho A, Xavier D, Xiao Q, Xu G, 
Yaghoubi M, Yakob B, Yano Y, Yaseri M, Yimam HH, 
Yonemoto N, Yoon S-J, Yotebieng M, Younis MZ, Zaidi Z, 
Zaki MES, Zegeye EA, Zenebe ZM, Zerfu TA, Zhang AL, 
Zhang X, Zipkin B, Zodpey S, Lopez AD, Murray CJL (2017) 
Global, regional, and national age-sex specific mortality for 
264 causes of death, 1980-2016: a systematic analysis for the 
Global Burden of Disease Study 2016. Lancet 390: 1151-1210. 
doi: 10.1016/S0140-6736(17)32152-9. 

3. Lin C-Y, Hwang D, Chiu N-C, Weng L-C, Liu H-F, Mu J-J, 
Liu C-P, Chi H (2020) Increased detection of viruses in 
children with respiratory tract infection using PCR. Int J 
Environ Res Public Health 17: 564. doi: 
10.3390/ijerph17020564. 

4. Juvén T, Mertsola J, Waris M, Leinonen M, Meurman O, 
Roivainen M, Eskola J, Saikku P, Ruuskanen O (2000) 
Etiology of community-acquired pneumonia in 254 
hospitalized children. Pediatr Infect Dis J 19: 293-298. doi: 
10.1097/00006454-200004000-00006. 

5. Meerhoff TJ, Fleming D, Smith A, Mosnier A, van Gageldonk-
Lafeber AB, Paget WJ (2006) Surveillance recommendations 
based on an exploratory analysis of respiratory syncytial virus 
reports derived from the European Influenza Surveillance 
System. BMC Infect Dis 6: 128. doi: 10.1186/1471-2334-6-
128. 

6. Satav A, Crow R, Potdar V, Dani V, Satav S, Chadha M, 
Hessong D, Carosone-Link P, Palaskar S, Simões EAF (2021) 
The burden of respiratory syncytial virus in children under 2 
years of age in a rural community in Maharashtra, India. Clin 
Infect Dis 73: S238-S247. doi: 10.1093/cid/ciab508. 

7. Ram Purakayastha D, Vishnubhatla S, Rai SK, Broor S, 
Krishnan A (2018) Estimation of burden of influenza among 
under-five children in India: a meta-analysis. J Trop Pediatr 64: 
441-453. doi: 10.1093/tropej/fmx087. 

8. Narayan VV, Iuliano AD, Roguski K, Bhardwaj R, Chadha M, 
Saha S, Haldar P, Kumar R, Sreenivas V, Kant S, Bresee J, Jain 
S, Krishnan A (2020) Burden of influenza-associated 
respiratory and circulatory mortality in India, 2010-2013. J 
Glob Health 10: 1-11. doi: 10.7189/jogh.10.010402. 

9. Fry AM, Curns AT, Harbour K, Hutwagner L, Holman RC, 
Anderson LJ (2006) Seasonal trends of human parainfluenza 
viral infections: United States, 1990-2004. Clin Infect Dis 
43:1016-1022. doi: 10.1086/507638. 

10. Bhardwaj S, Choudhary ML, Jadhav S, Vipat V, Ghuge R, 
Salvi S, Kulkarni R, Kinikar A, Padbidri V, Bafna S, 
Bavdekare A, D'costa P, Gujar N, Potdar V (2022) A 
retrospective analysis of respiratory virus transmission before 
and during the COVID-19 pandemic in Pune the western 
region of India. Front Public Heal 10. doi: 
10.3389/fpubh.2022.936634. 

11. Wang X, Li Y, Deloria-Knoll M, Madhi SA, Cohen C, Ali A, 
Basnet S, Bassat Q, Brooks WA, Chittaganpitch M, Echavarria 
M, Fasce RA, Goswami D, Hirve S, Homaira N, Howie SRC, 
Kotloff KL, Khuri-Bulos N, Krishnan A, Lucero MG, Lupisan 
S, Mira-Iglesias A, Moore DP, Moraleda C, Nunes M, Oshitani 
H, Owor BE, Polack FP, O'Brien KL, Rasmussen ZA, Rath 
BA, Salimi V, Scott JAG, Simões EAF, Strand TA, Thea DM, 
Treurnicht FK, Vaccari LC, Yoshida L-M, Zar HJ, Campbell 
H, Nair H, Libster R, Otieno G, Joundi I, Broor S, Nicol M, 
Amarchand R, Shi T, López-Labrador FX, Baker JM, Jamison 
A, Choudekar A, Juvekar S, Obermeier P, Schweiger B, 
Madrid L, Thomas E, Lanaspa M, Nohynek H, Nokes J, 
Werner M, Danhg A, Chadha M, Puig-Barberà J, Caballero 
MT, Mathisen M, Walaza S, Hellferscee O, Laubscher M, 
Higdon MM, Haddix M, Sawatwong P, Baggett HC, 
Seidenberg P, Mwanayanda L, Antonio M, Ebruke BE, Adams 
T, Rahman M, Rahman MZ, Sow SO, Baillie VL, Workman L, 
Toizumi M, Tapia MD, Nguyen T hien anh, Morpeth S (2021) 
Global burden of acute lower respiratory infection associated 
with human metapneumovirus in children under 5 years in 
2018: a systematic review and modelling study. Lancet Glob 
Heal 9: e33-e43. doi: 10.1016/S2214-109X(20)30393-4. 

12. Banerjee S, Sullender WM, Choudekar A, John C, Tyagi V, 
Fowler K, Lefkowitz EJ, Broor S (2011) Detection and genetic 
diversity of human metapneumovirus in hospitalized children 
with acute respiratory infections in India. J Med Virol 83: 
1799-1810. doi: 10.1002/jmv.22176. 



Kang et al. – Changing trend of respiratory viruses during COVID     J Infect Dev Ctries 2023; 17(7):961-970. 

969 

13. Bharaj P, Sullender WM, Kabra SK, Broor S (2010) Human 
bocavirus infection in children with acute respiratory tract 
infection in India. J Med Virol 816: 812-816. doi: 
10.1002/jmv.21637. 

14. Narayanan H, Sankar S, Simoes EAF, Nandagopal B, 
Sridharan G (2013) Molecular detection of human 
metapneumovirus and human bocavirus on oropharyngeal 
swabs collected from young children with acute respiratory 
tract infections from rural and peri-urban communities in South 
India. Mol Diagnosis Ther 17: 107-115. doi: 10.1007/s40291-
013-0030-y. 

15. World Health Organization. (2020) Novel Coronavirus (2019-
nCoV): situation report, 5. World Health Organization. 
https://apps.who.int/iris/handle/10665/330769. Accessed: 23 
February 2023. 

16. Sharma H, Ilyas A, Chowdhury A, Poddar NK, Chaudhary AA, 
Abdul S, Shilbayeh R, Ibrahim AA, Khan S (2022) Does 
COVID ‑ 19 lockdowns have impacted on global dengue 
burden? A special focus to India. BMC Public Health. 22: 
1402. doi: 10.1186/s12889-022-13720-w. 

17. Husain AA, Monaghan TM, Kashyap RS (2021) Impact of 
COVID-19 pandemic on tuberculosis care in India. Clin 
Microbiol Infect 27: 293-294. doi: 10.1016/j.cmi.2020.08.014. 

18. Reck de Jesus1 C, Antônia Souto Rosa1 A, da Silva Meneses1 
A, Conzati Agostini1 A, Bercht Merten1 F, Moreira Ferrão1 S, 
Costa Silveira Martins1 L, Orlando Friedrich1 F, Araújo Pinto 
L (2021) Impact of social distancing in response to COVID-19 
on hospitalizations for laryngitis, tracheitis, otitis media, and 
mastoiditis in children aged 0 to 9 years in Brazil. J Bras 
Pneumol. 47: e20210229. doi: 10.36416/1806-
3756/e20210229. 

19. Yeoh DK, Foley DA, Minney-Smith CA, Martin AC, Mace 
AO, Sikazwe CT, Le H, Levy A, Blyth CC, Moore HC (2021) 
Impact of coronavirus disease 2019 public health measures on 
detections of influenza and respiratory syncytial virus in 
children during the 2020 Australian winter. Clin Infect Dis 72: 
2199-2202. doi: 10.1093/cid/ciaa1475. 

20. Van Brusselen D, De Troeyer K, ter Haar E, Vander Auwera 
A, Poschet K, Van Nuijs S, Bael A, Stobbelaar K, Verhulst S, 
Van Herendael B, Willems P, Vermeulen M, De Man J, 
Bossuyt N, Vanden Driessche K (2021) Bronchiolitis in 
COVID-19 times: a nearly absent disease? Eur J Pediatr 180: 
1969-1973. doi: 10.1007/s00431-021-03968-6. 

21. Deval H, Nyayanit DA, Mishra SK, Yadav PD, Zaman K, 
Shankar P, Misra BR, Behera SP, Kumar N, Kumar A, 
Bhardwaj P, Dwivedi GR, Singh R, Shete AM, Pandit P, 
Pandey AK, Yadav GK, Gupta S, Kumar M, Kavathekar A, 
Singh RS, Prajapati S, Kant R (2022) Genome sequencing 
reveals a mixed picture of SARS-CoV-2 variant of concern 
circulation in eastern Uttar Pradesh, India. Front Med 8: 1-10. 
doi: 10.3389/fmed.2021.781287. 

22. Kumar N, Misra BR, Reddy MM, Deval H, Zaman K, Kant R 
(2022) COVID-19 transmission among vaccinated laboratory 
workers during the second wave in eastern Uttar Pradesh, 
India. J Med Virol 94: 3512-3514. doi: 10.1002/jmv.27788. 

23. Zaman K, Shete AM, Mishra SK, Kumar A, Reddy MM, Sahay 
RR, Yadav S, Majumdar T, Pandey AK, Dwivedi GR, Deval 
H, Singh R, Behera SP, Kumar N, Patil S, Kumar A, Dudhmal 
M, Joshi Y, Shukla A, Gawande P, Kavathekar A, Kumar N, 
Kumar V, Kumar K, Singh RS, Kumar M, Tiwari S, Verma A, 
Yadav PD, Kant R (2022) Omicron BA.2 lineage 
predominance in severe acute respiratory syndrome 

coronavirus 2 positive cases during the third wave in North 
India. Front Med 9: 1-13. doi: 10.3389/fmed.2022.955930. 

24. Bharaj P, Sullender WM, Kabra SK, Mani K, Cherian J, Tyagi 
V, Chahar HS, Kaushik S, Dar L, Broor S (2009) Respiratory 
viral infections detected by multiplex PCR among pediatric 
patients with lower respiratory tract infections seen at an urban 
hospital in Delhi from 2005 to 2007. Virol J 6: 89. doi: 
10.1186/1743-422X-6-89. 

25. Bouscambert-Duchamp M, Lina B, Trompette A, Moret H, 
Motte J, Andréoletti L (2005) Detection of human 
metapneumovirus RNA sequences in nasopharyngeal aspirates 
of young french children with acute bronchiolitis by real-time 
reverse transcriptase PCR and phylogenetic analysis. J Clin 
Microbiol 43: 1411-1414. doi: 10.1128/JCM.43.3.1411-
1414.2005. 

26. Wisdom A, Kutkowska AE, McWilliam Leitch EC, Gaunt E, 
Templeton K, Harvala H, Simmonds P (2009) Genetics, 
recombination and clinical features of human rhinovirus 
species C (HRV-C) infections; interactions of HRV-C with 
other respiratory viruses. PLoS One 4: e8518. doi: 
10.1371/journal.pone.0008518. 

27. Kesebir D, Vazquez M, Weibel C, Shapiro ED, Ferguson D, 
Landry ML, Kahn JS (2006) Human bocavirus infection in 
young children in the United States: molecular epidemiological 
profile and clinical characteristics of a newly emerging 
respiratory virus. J Infect Dis 194: 1276-1282. doi: 
10.1086/508213. 

28. Jacobs SE, Lamson DM, St. George K, Walsh TJ (2013) 
Human rhinoviruses. Clin Microbiol Rev 26:135-162. doi: 
10.1128/CMR.00077-12. 

29. Njenga MK, Dawa J, Nanyingi M, Gachohi J, Ngere I, Letko 
M, Otieno CF, Gunn BM, Osoro E (2020) Why is there low 
morbidity and mortality of COVID-19 in Africa? Am J Trop 
Med Hyg 103: 564-569. doi: 10.4269/ajtmh.20-0474. 

30. Casalegno JS, Ottmann M, Bouscambert Duchamp M, Escuret 
V, Billaud G, Frobert E, Morfin F, Lina B (2010) Rhinoviruses 
delayed the circulation of the pandemic influenza A (H1N1) 
2009 virus in France. Clin Microbiol Infect 16: 326-329. doi: 
10.1111/j.1469-0691.2010.03167.x. 

31. Poole S, Brendish NJ, Clark TW (2020) SARS-CoV-2 has 
displaced other seasonal respiratory viruses: results from a 
prospective cohort study. J Infect 81: 966-972. doi: 
10.1016/j.jinf.2020.11.010. 

32. Sarkar S, Ratho RK, Singh M, Singh MP, Singh A, Sharma M 
(2022) Comparative analysis of epidemiology, clinical 
features, and cytokine response of respiratory syncytial and 
human metapneumovirus infected children with acute lower 
respiratory infections. Jpn J Infect Dis 75: JJID.2021.151. doi: 
10.7883/yoken.JJID.2021.151. 

33. Becker AD, Wesolowski A, Bjørnstad ON, Grenfell BT (2019) 
Long-term dynamics of measles in London: titrating the impact 
of wars, the 1918 pandemic, and vaccination. PLoS Comput 
Biol 15: e1007305. doi: 10.1371/journal.pcbi.1007305. 

34. Lo JYC, Tsang THF, Leung Y-H, Yeung EYH, Wu T, Lim 
WWL (2005) Respiratory infections during SARS outbreak, 
Hong Kong, 2003. Emerg Infect Dis 11: 1738-1741. doi: 
10.3201/eid1111.050729. 

35. Pascalis H, Temmam S, Turpin M, Rollot O, Flahault A, Carrat 
F, de Lamballerie X, Gérardin P, Dellagi K (2012) Intense co-
circulation of non-influenza respiratory viruses during the first 
wave of pandemic influenza pH1N1/2009: a cohort study in 
Reunion Island. PLoS One 7: e44755. doi: 
10.1371/journal.pone.0044755. 



Kang et al. – Changing trend of respiratory viruses during COVID     J Infect Dev Ctries 2023; 17(7):961-970. 

970 

36. Ippolito G, La Vecchia A, Umbrello G, Di Pietro G, Bono P, 
Scalia Catenacci S, Pinzani R, Tagliabue C, Bosis S, Agostoni 
C, Marchisio PG (2021) Disappearance of seasonal respiratory 
viruses in children under two years old during COVID-19 
pandemic: a monocentric retrospective study in Milan, Italy. 
Front Pediatr 9: 721005. doi: 10.3389/fped.2021.721005. 

37. Steffen R, Lautenschlager S, Fehr J (2020) Travel restrictions 
and lockdown during the COVID-19 pandemic-impact on 
notified infectious diseases in Switzerland. J Travel Med 27: 
taaa180. doi: 10.1093/jtm/taaa180. 

38. Stamm P, Sagoschen I, Weise K, Plachter B, Münzel T, Gori 
T, Vosseler M (2021) Influenza and RSV incidence during 
COVID-19 pandemic-an observational study from in-hospital 
point-of-care testing. Med Microbiol Immunol 210: 277-282. 
doi: 10.1007/s00430-021-00720-7. 

39. Yum S, Hong K, Sohn S, Kim J, Chun BC (2021) Trends in 
viral respiratory infections during COVID-19 pandemic, South 
Korea. Emerg Infect Dis 27: 1685-1688. doi: 
10.3201/eid2706.210135. 

40. Tempia S, Walaza S, Bhiman JN, McMorrow ML, Moyes J, 
Mkhencele T, Meiring S, Quan V, Bishop K, McAnerney JM, 
von Gottberg A, Wolter N, Du Plessis M, Treurnicht FK, 

Hellferscee O, Dawood H, Naby F, Variava E, Siwele C, Baute 
N, Nel J, Reubenson G, Zar HJ, Cohen C (2021) Decline of 
influenza and respiratory syncytial virus detection in facility-
based surveillance during the COVID-19 pandemic, South 
Africa, January to October 2020. Eurosurveillance 26. doi: 
10.2807/1560-7917.ES.2021.26.29.2001600. 

41. Takia L, Awasthi P, Angurana SK (2021) Impact of COVID-
19 on acute viral bronchiolitis hospitalization among infants in 
North India. Indian J Pediatr 88: 1154-1154. doi: 
10.1007/s12098-021-03905-3. 

 
Corresponding author 
Dr Radha Kanta Ratho, MD 
Professor and Head, Department of Virology,  
Research Block A, Sector-12, Post Graduate Institute of Medical 
Education & Research, Chandigarh, India 160012. 
Tel: 8360680627 
Fax: 0172-2746118 
Email: rathopgi@yahoo.com 
 
Conflict of interests: No conflict of interests is declared. 

 



Kang et al. – Changing trend of respiratory viruses during COVID     J Infect Dev Ctries 2023; 17(7):961-970. 

 

Annex – Supplementary Items 
 
Supplementary Table 1. Sequences of oligonucleotides used in the study for non-influenza respiratory virus screening. 

Name of 
oligonucleotide Target gene Sequence name (5’--3’) Expected amplified 

product size 
RSV Fwd RSV N gene CTGTCATCCAGCAAATACAC 683 bp RSV Rev ACCATAGGCATTCATAAACAATC 

PIV-2 Fwd PIV-2 N gene GATGACACTCCAGTACCTCTTG 197 bp PIV-2 Rev GATTACTCATAGCTGCAGAAGG 
PIV-3 Fwd PIV-3 N gene GATCCACTGTGTCACCGCTCAATACC 266 bp PIV-3 Rev CTGAGTGGATATTTGGAAGTGACCTGG 
hMPV Fwd hMPV N gene GTGATGCACTCAAGAGATACCC 199 bp hMPV Rev CATTGTTTGACCGGCCCCATAA 
hBOV Fwd hBOV N gene GACCTCTGTAAGTACTATTAC 354 bp hBOV Rev CTCTGTGTTGACTGAATACAG 

hRV OS 

hRV 5’UTR gene 

HCAAGYACTTCTGTYWCCCCSG 395 bp 
(External cycle) hRV OAS GAAACACGGACACCCAAAGTAGT 

hRV AB IS CYAGCCTGCGTGGCKGCCWRC 
110 bp (Internal cycle) hRV C IS GTAGCCYGCGTGGTGCCCWGC 

hRV IAS TTAGCCRCATTCAGGGGCCGG 
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