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Abstract: Human rhinoviruses (HRV) are known to cause comroold and also more
complicated respiratory infections. HRV speciesr@d 8 as well as the recently discovered,
designated HRV-C have all been associated to lowempiratory infections and
exacerbations of asthma. The type distribution todirss connected to different kinds of
lower respiratory conditions is not, however, dg&nown. We have analysed presence of
HRV in sputum specimens derived from military retswith and without pre-diagnosed
asthma at times of acute respiratory infection &I8tudy, 2004-2005). The analysis was
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performed with HRV and HEV real-time RT-PCR ass&ygbsequently we studied type
distribution of HRV strains by genetic typing iretVP4/VP2 genomic region. In total 146
(38.8%) specimens were HRV-positive and 36 (9.3%)Hbositive. No difference was
found in HRV detection between the asthmaitsc non-asthmatic patients. Most of the
genetically typed strains, 18 (62.1%), belonged H&V-A, while HRV-B strains
encountered 5 (17.2%) of the HRV-positive straidiRV-C strain was typed four times
from the HRV-positive cases and a HEV-D strain awi@/e further typed six HEV positive
strains in the partial VP1 region. Three of thestihged to HRV-A and three to HEV-D.
HRV-A strains were discovered throughout the stymbriod, while HRV-C strains
originated from winter and spring specimens. Irgtgngly, 4 out of 5 typed HRV-B strains
originated from summer season.

Keywords. human rhinovirus; genetic distribution; adult; asth

1. Introduction

Human rhinoviruses (HRVs) are known to cause commold and also more complicated
respiratory infections. Association of HRV in lowesspiratory tract infections is well documented:
HRV RNA has been found in lower respiratory traells [1], the bronchial epithelial cells are
susceptible to HRV infection [2], HRVs cause cytity@ effect and induce production of interleukin
(IL)-6, IL-8, IL-16, granulocyte macrophage colostymulating factor, and RANTES (regulated on
activation, normal T expressed and secreted) [&ddi HRV RNA has been detected in tissues of
lower airways byin situ hybridization [4]. HRVs infect the airway epith@t, generate local and
systemic immune responses, as well as neural resppwhich induce inflammation and airway hyper
responsiveness (reviewed by Papadopoeti@s. [5]). Clinical evidence suggests association BMd
to various lower respiratory diseases: bronchglithronic obstructive pulmonary disease, pneumonia
and asthma exacerbations (reviewed by HaydenHB)/s belong, together with human enteroviruses
(HEV), to genusEnterovirus in the familyPicornaviridae and are currently divided in three species:
HRV-A andHRV-B [7] and the recently found, proposed new spediEd/-C [8]. All species have
been associated to lower respiratory infections amedcerbations of asthma [9-13]. The type
distribution of strains connected to different ksndf lower respiratory conditions is not, however,
clearly known. In addition to HRVs, also HEVs arelvn to be present in respiratory samples. HEVs
are currently divided in species HEV-A, -B, -C, aiiti[14] . In this study we analysed respiratory
samples from adult military conscripts with andhemt previously diagnosed asthma. We aimed at
elucidating the role of HRVs in respiratory inferis of adults. Furthermore, our aim was to study
genetic variation of HRVs in Finnish adult popubati as the studies performed so far have
concentrated mainly on children.
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2. Results and Discussion
2.1. Real-time RT-PCR

We analyzed 386 sputum specimens derived fromanylitecruits with or without pre-diagnosed
asthma. The specimens were taken during 2004-20abnas of clinically diagnosed respiratory
infections. Out of 386 specimens 146 (37.8%) wested positive in HRV real-time RT-PCR. All
specimens were also studied with human enteroHEV) real-time RT-PCR. A total of 36
specimens (9.3%) were positive with the assay f&VHAIl HEV-positive specimens were also
positive with HRV assay with one exception. Theuhssdid not differ between the asthmatics and
non-asthmatics (data not shown). The connectiodRWV- and HEV-positivity to other aspects, such
as severity of the symptoms, will be studied anblisbed elsewhere.

According to the results of HRV real-time RT-PCRnabkt 40% of the specimens were HRV-
positive. This is in accordance with previous fingh of HRV detection rate in adults made in other
geographical regions [15,16]. It has also been sheavlier that HRV infection of lower airway tissue
is a frequent finding during a cold [17]. HRVs aso abundantly found in adult population during
respiratory infections, a fact possibly emphasized semi-closed environment of a garrison, where
the infection pressure is great, and infectionsspread easily. Other respiratory pathogens were al
tested of these specimens and will be reportedvlkse.

2.2. Genetic typing in the capsid coding region

HRV-positive specimens were subjected to genetmnty in the VP4/VP2 genomic region
according to a previously described method [18pbnirl46 HRV-positive specimens, 55 gave a
positive result in the RT-PCR for genetic typindnil 91 remained negative. Reliable sequence typing
result was obtained for 29 strains (Table 1). Mddhe genetically typed strains, 62.1%, belonged t
HRV-A. Six different genetic types were discove(édble 1). HRV-B strains accounted for 17.2% of
the typed strains. Three distinct genetic typesvaiscovered (Table 1). Four HRV-C strains (14.3%)
were genetically typed. Two strains belonging toV-IE were also typed among the HRV-real-time
RT-PCR-positive strains (Table 1). Both were alswsifive in the HEV real-time
RT-PCR (Tablel).

Nine HEV-positive specimens were selected for gertgping in the partial VP1 coding region [19]
including those with the lowest; €alues (data not shown) as well as the one specmaepositive for
HRV, but positive in the assay for HEV. All studisttains gave a positive result in the semi-nested
RT-PCR, however, only six of them were successigiguenced. Three of these were HEV-D strains,
while the other three were genetically closest RvE1 (Table 1).
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Table 1. Nucleotide similarities of the genetically typeadams to prototype strains.

Typing in the VP4/VP2 coding region Typing in the partial VP1 coding region

Collection HRV/HEV Real time The closest prototype strain  Genetic The closest prototype strain or Genetic

date Strain 1D RT-PCR result or GenBank match* similarity GenBank match similarity

29.7.2004 1206 HRV+/HEV- HRV91 (HRV-B) 90,0 %

30.11.2004 1091 HRV+/ HEV+ NATO045 (HRV-C) 82.5% untypable”

9.12.2004 2119 HRV+/ HEV+ untypable” HEV68 (HEV-D) 86.3%

17.12.2004 2039 HRV+/ HEV+ HRV87 (HEV-D) 91.8% untypable”

17.12.2004 1105 HRV+/ HEV+ untypable” HEV68 (HEV-D) 86.3%

27.12.2004 2086 HRV+/HEV- HRV95 (HRV-A) 92.5%

20.1.2005 1454 HRV+/HEV- HRV51 (HRV-A) 92.5%

21.1.2005 1442 HRV+/ HEV+ HRV51 (HRV-A) 92.3% HRV51 (HRV-A) 88.4%

24.1.2005 1508 HRV+/ HEV+ HRV51 (HRV-A) 93.4% HRV51 (HRV-A) 88.4%

26.1.2005 1499 HRV+/ HEV+ HRV51 (HRV-A) 93.1% HRV51 (HRV-A) 88.4%

27.1.2005 2208 HRV+/HEV- HRV30 (HRV-A) 93.8%

2.2.2005 1587 HRV+/ HEV+ 06-339 (HRV-C) 99,0 %

22.2.2005 2145 HRV-/ HEV+ untypable” HEV68 (HEV-D) 86.0%

8.3.2005 1511 HRV+/HEV- HRV30 (HRV-A) 94,0 %

15.3.2005 2324 HRV+/HEV- HRV16 (HRV-A) 92.9%

17.3.2005 2067 HRV+/HEV- HRV16 (HRV-A) 92.7%

17.3.2005 1436 HRV+/HEV- HRV16 (HRV-A) 92.9%

21.3.2005 1412 HRV+/HEV- HRV16 (HRV-A) 92.6%

21.3.2005 1454 HRV+/ HEV+ HRV16 (HRV-A) 92.7%

18.4.2005 1344 HRV+/HEV- N38 (HRV-C) 87.3%

18.4.2005 1499 HRV+/HEV- HRV16 (HRV-A) 94.6%

20.4.2005 1525 HRV+/HEV- HRV16 (HRV-A) 91.5%

28.4.2005 2323 HRV+/HEV- HRV29 (HRV-A) 91.6%

29.4.2005 1348 HRV+/ HEV+ N27 (HRV-C) 98.2%

6.5.2005 1474 HRV+/HEV- HRV44 (HRV-A) 91.3%

1.6.2005 2139 HRV+/HEV- HRV26 (HRV-B) 92.8%

7.6.2005 2192 HRV+/ HEV+ HRV55 (HRV-A) 85,0 %

7.6.2005 1544 HRV+/HEV- HRV26 (HRV-B) 92.9%

9.6.2005 2230 HRV+/HEV- HRV57 (HRV-A) 89,0 %

18.7.2005 2134 HRV+/HEV- HRV26 (HRV-B) 89.5%

14.9.2005 2215 HRV+/ HEV+ HEV 68 (HEV-D) 87.6% untypable”

16.11.2005 2312 HRV+/HEV- HRV79 (HRV-B) 92,0 %

* The closest GenBank match used for HRV-C, prototype strains have not been designhated to HRV-C
" Untypable: unreliable sequence with low, overlapping or ambiguous peaks

2.3. Epidemiological characteristics

HRVs were detected abundantly whenever sampledi@igja). In results of genetic typing HRV-A
strains prevailed outnumbering all other discoveseekcies. Other recent studies have provided simila
results [15]. HRV-A strains appear to be frequemdihgs in all age groups in both upper [18,20] and
lower [15,21] respiratory infections. HRV-A straiflRV16 and HRV51 were detected several times
during January 2005 and March-April 2005, respetyivsuggesting local outbreaks (Table 1). HRV-A
strains were also discovered steadily throughoaitytrar, which can be explained by their ubiquitous
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character (Figure 1b). HRV-B strains, on the oth@nd, were discovered scarcely as in other recent
reports. Interestingly 4 out of 5 strains wereectitd during summer months (Figure 1b).

Figure 1. a) Monthly distribution of HRV findings. b) Monthlgistribution of different

species.
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Although the number of strains is too small to ddefinite conclusions, it is tempting to speculate,
whether this has to do with their infrequent disagvin recent studies. It is possible that as ctbe
of respiratory samples is weighted on winter monthe HRV-B strains will be missed if they
preferably circulate during summer months. We hareeiously shown an even distribution of HRV-A
and HRV-B strains in upper respiratory infectiomsided from young children [20]. In that study the
samples were cultured in cell lines, which possialyoured HRV-B strains. Nevertheless, sampling
also took place throughout the year, thus enaldagpling of any summer-HRV-B strains as well.
The hypothesis of season restricted epidemiologyiBi/-B will require further studies to cover
several independent strains. As an addition toatheristics of HRV-B in this study, it is notewoyth
that one of the summer-HRV-B strains in this stu¥206 290704, has close genetic field relatives
reported only in China (GenBank BLAST search 5 Ai1d2009). This finding may reflect the fact that
strains possibly causing mild, self limited illneks not often get caught in typing efforts when gkamn
collection is limited to hospitalized patients. $hin turn, shows that the biodiversity of circirgt
HRV strains by far outhumbers the commonly typedson

HRV-C strains were discovered in this study, butyan very limited numbers. The genetic
distances between the strains were large (1.2-27a%%also discovered in several recent studies
[15,22-24]. This finding supports the assumptioat tthere will be a lot sequence space to be filled
once more HRV-C strains will be characterized. Tiuenber of HRV-C findings is too small to
suggest conclusions about their association to Hoegpiratory infection in adults. Furthermore, as
mentioned above we did not analyse the severityegpiratory symptoms of military recruits in this
study. It is possible that HRV-species differ ie geverity of infections among asthmatics.

A HEV-D strain, genetically most closely relatedH&V68/HRV87 [25,26], was typed twice in the
VP4/VP2 coding region and three times in the paMRl coding region. These are among the first
reported findings of HEV68 in clinical samples imland, although the seroprevalence of HEV68
antibodies in Finland exceeds 98% (Roivainen, Menkola, P., Kaijalainen, S., unpublished result).
HEV68 has very infrequently been discovered alsestiries conducted in other countries. The high
seroprevalence suggests wide circulation of HE\W&8,it is likely that because of mild symptoms the
virus strains do not end up being typed. No othENHtrains were discovered among the sequenced
strains.

2.4. Limitations of the study and of the methods in the diagnostics of HRV and HEV

The specimens of this study were sputa collectetihads of any respiratory infection. Thus the
sample collection does not provide a direct linkawer respiratory disease, as specimens were also
taken during upper respiratory infections. Alsbats to be mentioned here that we cannot rule aut th
fact that the specimens may have been contaminaiéd pharyngeal HRV. The sputum in the
specimens, however, originated from bronchioleleast partly, and thus the results may refer to the
abundance of HRV RNA in lower respiratory tract.

The number of specimens HRV-positive in real-time-FRCR but negative in RT-PCR for genetic
typing was high (91/146). Furthermore reliable ssme was only received from 29/55 of the HRV
sequencing RT-PCR positive specimens. Becauseeofitinall proportion of the genetically typed
strains, there may exist a bias in the distributbthe typed straings. the real distribution. The high
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sensitivity of real-time methods partly explainggatve typing results of specimens with high C
values. The method used for genetic typing is aosive enough to enable typing of all real-tinie-R
PCR-positive HRV strains. The number of HRV genomessent may just be too low. These small
numbers of genomes may also be remnants of a pievidection, not necessarily related to the
current symptoms. Moreover, primer mismatch maylarpnegative results of the genetic typing
method in cases when-Zalues have been low. Possibly the amplificatibthe RT-PCR for genetic
typing has been ineffective due to primer mismatabsing low amount of the PCR product. One
factor explaining the results may also be crossti@a of the presumably HRV-specific real-time RT-
PCR with HEV strains. Our aim in this study was twévaluate the assays, but we are only presenting
observations of their use. Even though only HEVtaiss were discovered in this study, other HEV
strains are known to be present during respiratdections. They may have high sequence homology
with HRV in the 5’'non-coding region where the prina@d probe targets in real-time RT-PCR lie. The
primers used in our genetic typing method for HRWnit recognize all species of HEV and even the
semi-nested partial VP1 typing assay [19] failediigrlose the genetic type of the weaker strains. |
possible that some “HRV-positives” are actually HpWsitives. It is also possible that some HRV
strains are recognized by the presumably HEV-sper#al-time RT-PCR. These are facts that are
currently impossible to resolve even with methotisedl culture, as some serotypes of enteroviruses
and HRV-C strains do not multiply in conventiorabbratory cell lines.

3. Experimental Section
3.1. Samples

This work forms a part of a larger CIAS (Cold, Ictiens and Asthma) study of risk factors for
asthma and respiratory infections in Finnish nmjiteonscripts [27]. Briefly, 892 men from a totdl o
3697 men making up two intakes of conscripts tokhmuu Brigade in Kajaani, Northern Finland, in
July 2004 and January 2005, were enrolled in th&SCdtudy. These included all 224 men with a
diagnosis of asthma in previous health examinatmmghe call-up examination and 668 randomly
chosen men without asthma. Their ages ranged framhtb 29.6 years (median 19.6). The enroliment
procedure has been described in detail previou&ly. [Each man was followed to the end of his
service time lasting 6 to 12 months according ttitany duties. The protocol was accepted by the
Medical Ethics Committee of Kainuu Central Hospitiljaani, Finland, and all the participants
signed a declaration of informed consent.

A sputum sample was taken in the acute phaseshfegasode of infection, diagnosed on the basis
of symptoms and clinical findings as describedetad previously [27]. The military conscripts hagi
at least one infection episode during military sgwvere included in this analysis. The specimen
collection consisted of 386 sputum samples. Theisps were stored at —70°C prior to virological
analysis. The viral RNA was isolated from 1j0l0of sample with RNAeasy Mini Kit (Qiagen, Gmbh,
Hilden Germany) using QlAcube automatic nucleidamitractor.
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Figure 2. Phylogenetic tree depicting genetic relationshipsH&®V-A strains (green
background) in Finland in the VP4/VP2 coding regiStrains of this study are shown in
red and prototype strains in bold. Finnish straiftem [20] are coded with
XXxX_month_year and strains from [18] coded withG3idyy.
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Figure 3. Phylogenetic tree depicting genetic relationstup$iRV-B (pink background)

and HRV-C (yellow background) strains in Finlandthe VP4/VP2 coding region. For
more details refer to legend for Figure 1.
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3.2. Real-time RT-PCR

Real-time RT-PCR for detection of HRV was perfornasddescribed in [28]. The cut-off threshold
was set at approximately 8% of the strongest pesitontrol (HRV2 dilution of 18) and all plots
rising above it were considered positive. Real-tiRiB-PCR for detection of HEV was performed
according to the method by Centers for Disease rGband Prevention, Atlanta, USA (W.A. Nix and
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D.R. Kilpatrick, personal communication). The ctit-threshold was set at 10% of the strongest
positive control (Coxsackievirus B5 dilution of 30

3.3. RT-PCR and sequencing

RT-PCR targeting the VP4/VP2 coding region of almples positive for HRV in real-time
RT-PCR was performed as described in [18]. In cD8yAthesis a mixture of three primers was used.
In addition to 9565 [18,20] primer 91575-1: 5'- TGBGN ADY TTC CAV CAC CAN CC -3’ and
91575-2: 5’- TCD GGX ADY TTC CAV CAC CAX CC -3' werused (D=A, G, T; Y=C, T; V=A,

C, G; N= A, C, G, T; X=Iinosine). The location ¢iettarget sequence of these primers is identical to
that of 9565. RT-PCR targeting partial 5’-VP1 wasfprmed for nine samples positive for HEV in
real-time RT-PCR as described in [19]. Sequencimjraw data analysis was executed as described in
[18]. Multiple sequence alignments were made witbis@IX 1.83 [29]. Phylogenetic analysis was
performed utilizing MEGA4 software [30] using Maximn composite likelihood model [31] with
1000 bootstrap replicates [32]. The sequences gttkin this work have been submitted to GenBank
under accession numbers GQ466456-GQ466490.

4. Conclusions

In conclusion this study shows that the genetie tgstribution of HRV strains in sputum samples
of adult military recruits mirrors the distributioof overall HRV diversity. All known species are
represented, with HRV-A strongly prevailing. Whit® significant differences were found between
asthmaticvs. non-asthmatic patients, several notions were madelucidate patterns of HRV
epidemiology.
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