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Abstract 
 
 

A better understanding of human influenza seasonality is useful to inform the timing 
and composition of vaccine recommendations and monitor the emergence of new 
virus variants. In 2013 season, we analyzed influenza virus specimen in 1,504 
hospitalized children to identify three kinds of respiratory influenza virus A 
(FluH1N1, and FluH3N2) and FluB. Identification of viruses was used the indirect 
fluorescent test (IFA) with FITC-conjugated anti-mouse immunoglobulin and hem 
agglutination inhibition test (HI test). We analyzed the positive rate, annual 
frequencies according to the retrospective review of medical records. Positive 
respiratory viruses were isolated in 132 (8.8%) out of 1,504 patients examined. Of 
848 influenza virus A samples, 82 (8.8%) had positive. Of 82 positive influenza A 
virus samples, number of influenza H1N1 subtype was 9 (2.6%) and number of 
influenza H3N2 subtype was 73 (14.5%). The positive influenza virus B was 7.6% 
(50/656). Positive respiratory viruses on February and March were detected 18.6% 
and 16.3%, respectively. The frequencies of detection rates between males and 
females were similar to each other. As for the age distribution, the high detection 
rates were indicated in children at the age of two to five. Whenever children are 
together, there is a chance of spreading infections. 
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1.  Introduction 
 

The influenza virus is responsible for the contagious respiratory illness known 
as influenza or flu. The flu is different from a cold and cause by the influenza virus 
which infects the respiratory tract (nose, throat, and lungs).  
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Influenza viruses, belonging to the family Orthomyxoviridae, are enveloped 
viruses with segmented negative-sense RNA genome (Knipe and Howley, 2013). 
There are three types of influenza viruses: A, B and C (Websteret al., 1992). Usually 
human influenza A and B viruses cause seasonal epidemics of disease almost every 
winter in the world (Wells, 1944). The emergence of a new and very different 
influenza virus to infect people can cause an influenza pandemic. Influenza A viruses 
are divided into subtypes based on two proteins on the surface of the virus: the hem 
agglutinin (H) and the neuraminidase (N). There are 18 different hem agglutinin 
subtypes and 11 different neuraminidase subtypes (H1 through H18 and N1 through 
N11 respectively)(Lu et al., 2014). Influenza A viruses can be further broken down 
into different strains. Current subtypes of influenza A viruses found in people are 
influenza A (H1N1) and influenza A (H3N2) viruses (Kajiet al., 2003). Phylogenetic 
analysis of the nucleotide sequence of influenza A virus RNA segments coding for the 
spike proteins (HA, NA, and M2) and the internal proteins (PB2, PB1, PA, NP, M, 
and NS) from a wide range of hosts and geographical regions (Webster et al., 1992).  
Influenza B viruses are normally found only in humans. Unlike influenza A viruses, 
these viruses are not classified according to subtype. Although influenza type B 
viruses can cause human epidemics, they have not caused pandemics. Influenza type 
C infections cause a mild respiratory illness and are not thought to cause epidemics. 
Influenza (flu) can cause mild to severe illness. Serious outcomes of  flu infection can 
result in hospitalization or death. Some people, such as older people, young children, 
and people with certain health conditions, are at high risk for serious flu 
complications.  

 
Humans are buffered from many of the seasonal climate changes by housing 

and clothing but are still subject to many seasonal changes, such as changes in mood 
and health (Johnston et al., 1993; Eccles, 2002). This review will focus on one seasonal 
change in baby health that affects all populations exposed to a winter climate but 
which apparently has no generally accepted explanation, namely the seasonal change 
in the incidence of acute respiratory tract viral infections. Acute viral respiratory tract 
infections are a significant cause of  morbidity worldwide. Information on the 
epidemiology and seasonality of  these infections is important in planning vaccination 
and treatment strategies. For reasons that are poorly understood, influenza and 
respiratory syncytial virus (RSV) exhibit distinct winter seasonality in temperate 
latitudes, while patterns of  activity are more diverse in tropical locations (Dowell, 
2001). This paper reviews the seasonal trends of  respiratory viral infections in the 
temperate region.  
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We performed seasonal changes to investigate the potential causal role of 
respiratory infection in the pathogenesis of wheezing illness during the early years of 
life, using viral diagnosis, hem agglutination test, and the commercially available 
monoclonal antibody. 

 
2. Materials and Methods 
 
2.1 Patients 
 

From January through December 2013, we enrolled infants in pediatric 
departments of one university and three regional hospitals in the South Korea. 
Respiratory viruses were isolated from several hospitals (G. Hospital, B. Medical 
Center, and M. Hospital) at 0 and 8 of agein Busan, the South Korea. We isolated 
respiratory virus from each farm by Madin-Darby canine kidney (MDCK) cells 
supplemented with 1 ul/mL L-(tosylamido-2-phenyl) ethyl chloromethyl ketone 
(TPCK)-treated trypsin. Briefly, the samples were added to monolayers of MDCK 

cells and incubated for 1 h at 37℃ to allow viral adsorption to the cells. The inoculum 
was decanted. Then, Eagle’s minimum essential medium supplemented with 0.2% 
bovine serum albumin was added and monolayers were incubated for 3-5 days at 

37℃. After cytopathic effects appeared, influenza virus was confirmed by using 
hemaglutination of chicken erythrocytes. Identification of viruses was used the 
indirect fluorescent test (IFA) with FITC-conjugated anti-mouse immunoglobulin and 
hem agglutination inhibition test (HI test).  

 
2.2 Statistical Analysis 

 
The sample-size calculation was based on a clinically relevant between-group 

difference of a mean (±SD) with the use of an alpha level of 0.05. We used chi-square 
tests, Student’s t-tests, and Mann–Whitney U tests to evaluate differences in 
percentages, mean values, and median values between the two study groups (male and 
female) and among 12 months. All statistical analyses were performed with SPSS 
software, version 22.0. 
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3.  Results 
 

We identified the epidemiology and clinical feature of  respiratory viruses in 
Busan on 2013 season. Among the 1,504 infants with paired serum samples obtained 
at 0 and 8 of age, 12 with undetectable influenza virus titers at 2 months of age were 
excluded from analysis. Positive respiratory viruses were isolated in 132 (8.8%) out of  
1,504 patients examined (Table 1). The frequency of  influenza A virus was higher 
than that of  influenza B. However, there was not shown significant difference 
between influenza A and B except October (p> 0.05). Of  848influenza virus A 
samples, 82 (8.8%) had positive. Of  82 positive influenza A virus samples, number of  
influenza H1N1 subtype was 9 (2.6%) and number of  influenza H3N2 subtype was 
73 (14.5%) (Table 2). The positive influenza virus B was 7.6% (50/656). Influenza 
virus outbreak was significant difference among months (p<0.05). There are distinct 
seasonal peaks in the winter months (Fig. 1).  

 
For example positive respiratory viruses on January and February were 

detected 10.5% and 18.7%, respectively. Though March and April were spring, 
influenza incidence was high in spring. Positive respiratory viruses on March and 
April were detected 16.3% and 9.7% respectively. Whereas, there were not detected 
positive influenza viruses on summer and early autumn (September).Namely, Four 
months (from June to September) werenot detected positive respiratory viruses.  The 
detection rates between males and females were similar pointing out each 7.6% out of  
specimens in 2013 (Table 3). Although the total numbers of  respiratory male patients 
were more than those of  female patients, there was not shown significant difference 
at 0.05% level. The proportions of  positive respiratory viruses were similar in the two 
groups. As for the age distribution, the high detection rates were indicated in children 
at the age of  two to five (Table 4). 
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Table 1: Proportion of Patients and Positive with Influenza Viral Infections in 
Busan 

 
Month Total H1N1 H3N2 B 

Patient Positive Patient Positive Patient Positive Patient Positive 
Jan 184 23 52 1 65 15 67 7 
Feb 188 35 39 2 74 19 75 14 
Mar 172 28 44 2 51 14 77 12 
Apr 144 14 36 1 42 6 66 7 
May 82 5 14 0 25 3 43 2 
Jun 66 0 5 0 30 0 31 0 
Jul 48 0 7 0 26 0 15 0 
Aug 62 0 4 0 22 0 36 0 
Sep 66 0 4 0 18 0 44 0 
Oct 90 2 12 0 22 2 56 0 
Nov 155 7 46 1 49 3 60 3 
Dec 247 18 80 2 81 11 86 5 
Total 1504 132 343 9 505 73 656 50 
 

Table 2: Frequency of Positive Viruses for Respiratory Influenza Viral 
Infections 

 
Month Total A B 

H1N1 H3N2 
Jan 12.50 1.92 23.08 10.45 
Feb 18.62 5.13 25.68 18.67 
Mar 16.28 4.55 27.45 15.58 
Apr 9.72 2.78 14.29 10.61 
May 6.10 0 12.00 4.65 
Jun 0 0 0 0 
Jul 0 0 0 0 
Aug 0 0 0 0 
Sep 0 0 0 0 
Oct 2.22 0 9.09 0 
Nov 4.52 2.17 6.12 5.00 
Dec 7.29 2.50 13.58 5.81 
Total 8.78 2.62 14.46 7.62 
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Table 3: Proportion of Patients and Positive for Male and Female Infants with 

Influenza Viral Infections in Busan 
 
Month Total H1N1 H3N2 B 

Patient Positive Patient Positive Patient Positive Patient Positive 
Male 787 71 168 6 274 38 345 27 
Female 717 61 175 3 231 35 311 23 
Total 1504 132 461 31 505 73 656 50 
 

 
 

Fig. 1: Monthly Distribution of Isolated Influenza Viruses with Suspected 
Influenza Patients 

 
Table 4: Frequency of Children with Respiratory Influenza Viral Infections 

 
Age (year) H1N1 H3N2 Influenza B Total (%) 
0~1 7 16 5 28 (1.86) 
1~2 19 28 21 68 (4.52) 
2~3 56 87 154 297 (19.74) 
3~4 105 144 197 446 (29.65) 
4~5 93 123 165 381 (25.33) 
5~6 42 72 80 194 (12.90) 
>6 21 35 34 90 (5.98) 

 
4.  Discussio 
 

It is common knowledge that the flu virus is more infectious in cold winter 
temperatures than during the wormer months (Eccles, 2002).  
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Acute respiratory infections at infants by influenza viruses were occurred 
particularly in winter season in Busan (Tables 1and 2). On the basis of  the types of  
Influenza, 9 case (2.6%) of  Influenza type A/H1N1, 73 cases (14.5%) of  A/H3N2, 
and 50 cases (7.6%) of  type B were detected during 2013 season. However, during the 
2004 Busan influenza epidemic, A/H3N2 subtype was 119 cases of  154 and A/H1N1 
was not detected one case (Busan Metropolitan City Institute of  Health & 
Environment, 2005). In America, A/H3N2 viruses typically dominate most influenza 
seasons, including 16 of  the past 20 epidemics (Centers for Disease Control and 
Prevention, 2007), and are associated with higher levels of  morbidity and mortality 
(Simonsenet al., 2005), higher rates of  evolutionary change (Ferguson et al., 2003), and 
greater synchrony in the timing of  local epidemics across the United States than 
A/H1N1 viruses (Vibound et al., 2006). However, during the 2006–2007 US influenza 
epidemics, more viruses reported by the CDC were of  the A/H1N1 (62.3%) than the 
A/H3N2 subtype (37.7%) (Centers for Disease Control and Prevention, 2007). 
Influenza viruses are dynamic and are continuously evolving. The evolutionary 
dynamics of  this epidemic were particularly complex, including a late-season switch in 
dominance from the A/H1N1 to the A/H3N2 subtype, the co-circulation of  multiple 
antigenically distinct lineages within both A/H1N1 and A/H3N2, an A/H3N2 
vaccine mismatch, and the co-circulation of  adamantane resistant and sensitive viral 
lineages in both subtypes (Centers for Disease Control and Prevention, 2007). Korean 
reports on seasonal virus drug sensitivity were presented (Korea National Institute of  
Health, 2012). The results are supported by literature reports demonstrating that 
inhalation of cold air causes cooling of the nasal epithelium, and that this reduction in 
nasal temperature is sufficient to inhibit respiratory defenses against infection such as 
mucociliary clearance and the phagocytic activity of leukocytes.  
 

The rate of 2~5 children infection was high (Table 4). One possible 
explanation is that, because most 2~3 children in Korea were enrolled in children’s 
house or playroom and 3~5 children were enrolled in kindergarten, they are in close 
contact more often, and this promotes transmission from person to person. 
Whenever children are together, there is a chance of spreading infections. This is true 
for all young children (those younger than 5 years of age) but especially true for 
infants and toddlers who are likely to use their hands to wipe their noses or rub their 
eyes and then handle toys or touch other children. These children then touch their 
noses and rub their eyes so the virus goes from the nose or eyes of one child by way 
of hands or toys to the next child who then rubs his own eyes or nose.  
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Respiratory influenza virus is transmitted primarily through direct person-to-
person or fomite contact, and not by droplet inhalation. Therefore, the spread of 
influenza virus is prevented through frequent hand washing and enforcement of 
isolation policies. 

 
6. References 
 
Busan Metropolitan City Institute of Health & Environment. (2005). The pandemic predict 

research of the year 2004. Research in Busan City Institute of Health & Environment 
11, 13-21. 

Centers for Disease Control and Prevention.(2007). Update: influenza activity–United States 
and worldwide, 2006-2007 and composition of the 2007–2008 influenza vaccine. 
Morbidity and Mortality Weekly Report 56, 789–794. 

Dowell, S. F. (2001). Seasonal variation in host susceptibility and cycles of certain infectious 
diseases. Emerging Infectious Diseases 7, 369–374. 

Eccles, R. (2002). An explanation for the seasonality of acute upper respiratory tract viral 
infections. Acta Otolaryngologica 122, 183–191. 

Ferguson, N. M., Galvani, A. P., & Bush, R. M. (2003).Ecological and immunological 
determinants of influenza evolution.Nature 422, 428–433. 

Johnston, F., Ulijaszek, S., &Strickland, S. (1993). Society for the Study of Human Biology. 
Symposium 35: Seasonality and Human Ecology. Cambridge University Press, 
Cambridge. 

Kaji, M., Watanabe, A., &Aizawa, H. (2003).Differences in clinical features between influenza 
A H1N1, A H3N2, and B in adult patients.Respirology. 8(2), 231-233. 

Knipe, D. M., &Howley, P. M. (2013).Field virology. (6th ed.).Lippincott Williams & Wilkins, 
Philadelphia, PA, USA. 

Korea National Institute of  Health.(2012). Antiviral drugs resistance of  influenza viruses 
isolated in Korea during 2011-2012 season.Public Health Weekly Report 5, 793-812. 

Lu, L., Lycett, S. J., &Leigh Brown, A. J. (2014).Reassortment patterns of avian influenza 
virus internal segments among different subtypes. BMC Evolutionary Biology 24, 14-
16.  

Simonsen, L., Reichert, T. A., Viboud, C., Blackwelder, W. C., & Taylor, R. J., et al. (2005). 
Impact of influenza vaccination on seasonal mortality in the US elderly population. 
Archives of Internal Medicine 165, 265–272. 

Viboud, C, Bjørnstad, O. N., Smith, D. L., Simonsen, L., & Miller, M. A., et al. (2006). 
Synchrony, waves, and spatial hierarchies in the spread of influenza. Science 312, 
447–451. 

Webster, R. G., Bean, W. J., Gorman, O. T., Chambers, T. M., &Kawaoka, Y. (1992). 
Evolution and ecology of influenza A viruses. Microbiological Reviews 56, 152-179.  

Wells, M. (1944). The seasonal patterns of  measles and chickenpox. The American Journal of  
Tropical Medicine and Hygiene 40, 279–317. 


