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ABSTRACT 

Objective: The biennial epidemic pattern of respiratory syncytial virus (RSV) circulation in Croatia has been preserved 
and could not be related to climatic factors and the predominant RSV subtypes. The possibility that the circulation of 
different RSV genotypes affect the outbreak cycle in children in Croatia (Zagreb region) over a period of 3 consecutive 
years was explored in the paper. Methods: The study group consisted of inpatients, aged 0-10 years, who were hospi- 
talized with acute respiratory tract infections caused by RSV, in Zagreb, over the period from 1 January 2006 to 31 De- 
cember 2008. The virus was identified in the nasopharyngeal secretion using direct immunofluorescence method. The 
virus subtype and genotype was determined by real-time PCR and sequence analysis, respectively. Results: RSV infec- 
tions identified in 731 children. RSV subtype A caused 399 infections, and subtype B 332. Two subtype A genotypes 
(NA1 and GA5) and three subtype B genotypes (BA7, BA9 and BA10) were found. During persistent RSV biennial 
cycles namely four succeeding outbreaks, the new genotype from the previous smaller outbreak persevered into the up- 
coming larger outbreak. Conclusion: Our molecular-epidemiology study of RSV subtypes and genotypes during calen- 
dar months demonstrates that the biennial RSV cycle cannot be fully explained by the dynamic of the predominant cir- 
culating genotype of RSV. Other unknown factors account for the biennial cycle of RSV epidemics in Croatia.). 
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1. Introduction 

The biennial pattern of respiratory syncytial virus (RSV) 
circulation in Croatia, which is similar to that reported in 
other Central European countries [1-6] has documentedly 
been preserved for the last 15 years [1,2,7,8]. Many ear- 
lier studies have attempted to explain the epidemic pat- 
tern of RSV activity. We found the anticipated biennial 
circulation of RSV in the period from January 1, 2006 to 
December 31, 2008 [9]. Since the two-year periodicity of 
RSV infections in Croatia could not be related to climatic 
factors [1], we examined whether this epidemiological 
characteristic of RSV infections in Croatia could be re- 
lated to a regular exchange of the two viral subtypes [9]. 
However, biennial virus cycles were found to be persis- 
tent, although the predominant RSV subtype in the first 
two epidemic waves was subtype B, while in the second 
two subtype A. Consequently, according to that findings,  

it may be concluded that neither of the predominant RSV 
subtypes has an effect on the periodicity of RSV infec- 
tions in Croatia. 

Recent studies have investigated the genotypic pattern 
of RSV strains during epidemics. The results show a 
possible correlation between newly emerging genotypes 
and higher chances for reinfection, possibly eventually 
leading to a large outbreak [10,11]. 

In order to determine if the RSV genotypes affect the 
virus outbreak cycle in Croatia, the paper analyses the 
molecular epidemic pattern of RSV in children in Croatia 
(Zagreb region) over a period of 3 consecutive years as a 
follow-up on and additional molecular examination of 
RSV isolates from a previous and partially published 
study [9,12]. 

2. Patients and Methods 

The study group consisted of 731 RSV positive inpa- 
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tients, aged 0 - 10 years, who were hospitalized with 
acute respiratory tract infections, in Zagreb, over the pe- 
riod from 1 January 2006 to 31 December 2008. The 
majority of patients (696) was taken over from the pre- 
vious study [9], namely all patients aged 0 - 5. An addi- 
tional 35 individuals hospitalized due to RSV infection in 
the time period and aged 5 - 10 were collected and ag- 
gregated. The study was conducted as part of the scien- 
tific projects #0005002 and 005-0053443-3447 (G. M-G), 
approved by the Ethics Committees of the Croatian Na- 
tional Institute of Public Health (CNIPH). 

The virus was identified in the nasopharyngeal secre- 
tion (NPS) using a direct fluorescence assay (DFA-Light 
Diagnostics, Chemicon International, Inc., Temecula, CA) 
at the Department of Virology, CNIPH [9]. All 731 RSV- 
positive NPSs were subjected to molecular typing by 
one-step Real-Time (RT) PCR [9]. RNA was extracted 
from NPS using a spin column kit (QIAamp DNA Mini 
Kit; QIAGEN GmbH, Hilden). The N gene of RSV sub- 
type A and B was the target for PCR (using a single-tube 
RT-PCR kit: TaqMan One-Step RT-PCR Master Mix 
Reagents Kit; Applied Biosystems, New Jersey, USA). 
Amplification and detection were performed with a 7500 
Real Time PCR System machine (Applied Biosystems) 
[9]. Nucleotide sequences of RSV subtype A and B 
strains were obtained from the GenBank and used to 
construct alignments and phylogenetic trees (the nucleo- 
tide sequence spanned bases 5274 to 5543 (270 nt) of 
prototype strain A2; for subtype B viruses, the sequence 
corresponded to bases 652 to 981 (330 nt) of BA4128/ 
99B, a genotype B prototype strain from Argentina). Nu- 
cleotide sequencing was done for 72 strains’ G protein 
gene (the second hypervariable regions HVR2) and the 
phylogenetic analysis was done for the genotypes found 
in both viral subtypes [12]. The nucleotide sequences of 
RSV strains obtained in the study were deposited in Gen- 
Bank under accession numbers JQ844855JQ844875 [12]. 
Microsoft Excel was used for data description and gra- 
phical presentation. 

3. Results 

Of 731 RSV infections identified in children, subtype A 
virus caused 399 infections, and subtype B 332. Four 
patients had a dual RSV infection (subtypes A and B). 
The further procedure of molecular typing—genome 
sequencing was applied to examine 41 isolates of sub- 
type A and 31 isolates of subtype B. It was established 
that subtype A isolates were found in 13 groups of the 
phylogenetic tree, that consisted of two genotypes (NA1 
and GA5). Subtype B isolates were found in 8 groups of 
the phylogenetic tree or three genotypes (BA7, BA9 and 
BA10). 

The first outbreak was in the spring of 2006. RSV sub- 

type B generally predominated (105 cases) over subtype 
A (22 cases). Subtype B genotypes: BA7 (HR3310-06 
and HR3604-06) and BA9 (HR2085-06) were found 
(Figure 1). 

The second outbreak was in the winter of 2006/07. 
RSV subtype B continued to prevail (169 cases) over 
subtype A (45 cases). Subtype B genotype BA9 
(HR14602-06-23 isolates and HR6282-07) and subtype 
A genotype GA5 (HR263-07, HR2808-07, HR2671-07, 
HR6010-07, HR4135-07-3 isolates) were found (Figure 
1).  

The third outbreak was in the spring of 2007. Here 
RSV subtype A was prominently predominant (174 cases) 
over subtype B (2 cases). Subtype A genotype NA1 
(HR16295-07-17 isolates, HR6857-08, HR6931-08-2 
isolates) were found (Figure 1). 

The fourth outbreak was in the winter of 2007. RSV 
subtype A again prevailed (158 cases) over subtype B 
(56 cases). Subtype A genotype NA1 (HR17818-07-2 
isolates, HR18543-08-8 isolates, HR19079-08-2 iso- 
lates, HR19501-08 and HR20169-08) and subtype B 
genotype BA10 (HR18724-08-2 isolates, HR18939-08 
and HR20806-08) were found (Figure 1). 

In summary, the period of study was characterized by 
4 epidemic waves of RSV infections: the first, smaller, in 
the spring of 2006 (genotypes BA7 and BA9), the second, 
larger, in December 2006/January 2007 (genotypes GA5 
and BA9), the third in spring 2008 (genotype NA1), fol- 
lowed by a fourth outbreak beginning in November of 
2008 (genotypes NA1 and BA10). During the course of 
each outbreak novel genotypes of subtypes A and/or B 
appeared. The genotype from the previous spring/smaller 
outbreak persisted into the upcoming winter/larger out- 
break after an 8-month break (genotype BA9 from the 
first outbreak continued to the second one and genotype 
NA1 from the third to fourth outbreak). In the third 
spring outbreak the newly predominant genotype NA1 
appeared. However, the biennial virus cycles were con- 
sistently persistent. 

4. Discussion 

The results of our study showed that newly circulating 
RSV genotypes from the smaller spring outbreak can 
affect the biennial epidemic periodicity in Zagreb region 
by triggering the larger winter outbreak in the period of 
only 8 months (a new genotype belatedly enters the 
community in spring, and becomes the epidemic strain 
during the next winter causing a large outbreak, which 
essentially immunizes the population so that it almost 
prevents the epidemic for the next year). After that the 
longer period of 14 months would be needed for the next 
newly predominant genotype to start the spring outbreak. 
These findings go hand in hand with the findings of K. T.  
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Figure 1. Occurrence of respiratory syncytial virus genotypes (subtype A—right, subtype B—left) by calendar week in the 
epidemic waves during 2006-2008 for children aged 0 - 10 years (No. 727 + 4 dual infections) in Zagreb, Croatia. 
 
Zlateva, et al. [10] and Y. Shobugawa, et al. [11]. A fol- 
low-up study should ensue over the course of several 
successive years to ascertain with safety the genotypic 
mechanism of RSV outbreaks. The authors believe that 
the novel genotypic domination is an important factor for 
the cyclic occurrence of RSV outbreaks in a moderate 
climate belt. However, our study showed that viral geno- 
types did not affect the RSV biennial cycle, as it per- 
sisted regardless of the dominant viral genotype. Fur- 

ther more, the cause of biennial viral cycles in, say, Cen- 
tral Europe, remains to be fully elucidated as opposed to 
a monophase viral cycle in Belgium, Japan and Great 
Britain, for example [10,11,13]. 

In conclusion, authors believe that other factors (be- 
sides climatic, biological and behaviorally viral or hu- 
man), still unknown, may be responsible for these dif- 
ferences in cyclic (monophase and biennial) occurrence 
of RSV outbreaks. 
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