
1 

 

Viral load and sequence analysis reveal the symptom severity, diversity and 1 

transmission clusters of rhinovirus infections 2 

 3 

Authors: 4 

Kim Tien Ng,1 Xiang Yong Oong,1 Sin How Lim,2 Jack Bee Chook,3 Yutaka Takebe, 5 

4,5 Yoke Fun Chan,4 Kok Gan Chan,6 Nik Sherina Hanafi,7 Yong Kek Pang,1 Adeeba 6 

Kamarulzaman,1 and Kok Keng Tee4* 7 

 8 

Affiliations: 9 

1 Department of Medicine, Faculty of Medicine, University of Malaya, Kuala Lumpur, 10 

Malaysia. 11 

2 Department of Social and Preventive Medicine, Faculty of Medicine, University of 12 

Malaya, Kuala Lumpur, Malaysia. 13 

3 Sunway Institute for Healthcare Development, Sunway University, 47500 Bandar 14 

Sunway, Selangor Darul Ehsan, Malaysia. 15 

4 Department of Medical Microbiology, Faculty of Medicine, University of Malaya, 16 

Kuala Lumpur, Malaysia. 17 

5 AIDS Research Center, National Institute of Infectious Diseases, Toyama, 18 

Shinjuku-ku, Tokyo, Japan. 19 

6 Division of Genetics and Molecular Biology, Institute of Biological Sciences, Faculty 20 

of Science, University of Malaya, Kuala Lumpur, Malaysia. 21 

7 Department of Primary Care Medicine, Faculty of Medicine, University of Malaya, 22 

Kuala Lumpur, Malaysia. 23 

 24 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Sunway Institutional Repository

https://core.ac.uk/display/160738362?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


2 

 

* Correspondence: Department of Medical Microbiology, Faculty of Medicine, 25 

University of Malaya, Kuala Lumpur, Malaysia. Phone: +60-3-7967-7833; Fax: +60-26 

3-7967-7834; E-mail: k2tee@um.edu.my 27 

 28 

Manuscript information: 29 

Word count (abstract):  250 words  Word count (text):  2,992 words 30 

 31 

Running title: 32 

RV viral load and sequence analysis 33 

 34 

Keywords: 35 

Rhinovirus, acute respiratory tract infections, symptom severity, viral load, 36 

transmission clusters 37 

 38 

Summary: 39 

RV-C-infected subjects had higher viral load and was associated with more severe 40 

respiratory symptoms. Sustained RV transmission was attributed to multiple 41 

transmission clusters in the population. The relative humidity was the strongest 42 

predictor of RV seasonality. 43 

44 



3 

 

Abstract 45 

Background. 46 

Rhinovirus (RV) is one of the main viral etiologic agents of acute respiratory 47 

illnesses. Despite the heightened disease burden caused by RV, the viral factors that 48 

increase the severity of RV infection, the transmission pattern and seasonality of RV 49 

infections remain unclear. 50 

 51 

Methods. 52 

An observational study was conducted among 3,935 patients presenting with acute 53 

upper respiratory illnesses in the ambulatory settings between 2012 and 2014.  54 

 55 

Results. 56 

The VP4/VP2 gene was genotyped from all 976 RV-positive specimens, where the 57 

predominance of RV-A (49%) was observed, followed by RV-C (38%) and RV-B 58 

(13%). A significant regression in median nasopharyngeal viral load (p<0.001)  was 59 

observed; from 883 viral copies/µl at 1-2 days to 312 viral copies/µl at 3-4 days and 60 

158 viral copies/µl at 5-7 days, before declining to 35 viral copies/µl at ≥ 8 days. In 61 

comparison with RV-A (median viral load: 217 copies/µl) and -B (275 copies/µl), RV-62 

C-infected subjects produced higher viral load (505 copies/µl; p<0.001). Importantly, 63 

higher RV viral load (median: 348 copies/µl) was associated with more severe 64 

respiratory symptoms (TSSS ≥ 17) (p=0.017). A total of 83 phylogenetic-based 65 

transmission clusters were identified in the population. Based on the partial (r=0.520, 66 

p=0.011) and bivariate (r=0.491, p=0.009) correlations and regression analyses 67 

(standard regression coefficient, beta=1.329, t=2.79, p=0.011), the relative humidity 68 
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was determined as the strongest environmental predictor (p=0.011) of RV 69 

seasonality.  70 

 71 

Conclusions. 72 

Our findings underlined the role of viral load in increasing disease severity attributed 73 

to RV-C infection, and unraveled the factors that fuel the population transmission 74 

dynamics of RV.  75 

 76 

77 
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INTRODUCTION 78 

Rhinovirus (RV) is a predominant and ubiquitous airborne viral pathogen. With 79 

the improvement in viral detection methods, the involvement of RV in lower 80 

respiratory compartment leading to severe and potentially fatal respiratory conditions 81 

are increasingly evident [1-3]. Furthermore, individuals with predisposing respiratory 82 

conditions such as asthma, chronic obstructive pulmonary disease and cystic fibrosis 83 

may experience increased risk of severe RV-associated complications [4, 5].  84 

There are three confirmed RV species denoted as RV-A, -B and -C circulating 85 

worldwide. Despite the clinical burden of RV infections, large-scale molecular 86 

epidemiological data of RV are not extensively reported. Although the recent 87 

discovery of RV-C has incited renewed interest in investigating the epidemiology of 88 

RV infections [6], the effects of RV species on severity of respiratory illness remain 89 

insufficiently addressed. In the attempt to identify factors associated with RV 90 

morbidity and severity, studies have shown a possible correlation between high viral 91 

load and increased severity of RV infections [7]. However, different observations had 92 

also been reported elsewhere [8], potentially due to the variation in sample sizes and 93 

the inclusion of study subjects with predisposing conditions (asthma and 94 

pneumonia). Furthermore, the use of different viral load quantification methods that 95 

inherit certain technical limitations (limited RV type coverage) may also affect the 96 

quantification efficiency [9].  97 

Spatiotemporal analyses based on viral sequence data and evolutionary 98 

history of human immunodeficiency virus type 1 have shown that the emergence of 99 

transmission clusters is responsible for the spread of infections, highlighting the role 100 

of transmission clusters in escalating viral transmission and disease expansion [10]. 101 

The importance of such phylogenetically-inferred transmission clusters in fueling the 102 
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onward disease transmission has also been observed in other viral infections, such 103 

as in the recent Ebola virus outbreaks [11]. Despite the high disease burden caused 104 

by RV, the evolutionary history and the dynamic of RV infections remains largely 105 

unexplored.  106 

Climatological factors have also been implicated in the incidence of 107 

respiratory infections. For instance, findings from studies conducted in the temperate 108 

region have shown an association between high relative humidity and increased RV 109 

incidence [12]. However, studies of the meteorological factors and air pollutant on 110 

RV seasonality remain insufficiently explored in the regions with tropical climate [13].  111 

In the present large-scale population-based RV molecular epidemiological 112 

study, we aimed to study the impact of RV species and the nasopharyngeal viral 113 

load on the symptom severity of acute upper respiratory tract infections. Next, we 114 

investigated the genetic diversity, evolutionary histories, and the spatiotemporal 115 

dynamics of RV transmission clusters that drive disease transmission. Finally, we 116 

analyzed the potential meteorological predictors that influence the seasonality of RV 117 

in the context of the tropical climate in Southeast Asia.  118 

119 
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METHODS 120 

The Study Subjects and Specimens 121 

This study was approved by the University Malaya Medical Ethics Committee 122 

(MEC reference number: 890.1). Consenting outpatients who were presenting with 123 

symptoms of acute upper respiratory tract infections were recruited at the primary 124 

care clinics, University Malaya Medical Centre in Kuala Lumpur, Malaysia between 125 

February 2012 and May 2014. Nasopharyngeal swabs were collected in universal 126 

transport medium using standardized technique. The presence of symptoms 127 

associated with acute respiratory tract infection was determined based on previously 128 

published criteria [14]. At the point of patients recruitment, the number of days after 129 

the onset of symptoms (symptomatic phase) was recorded. To assess the severity of 130 

acute respiratory tract infection associated with RV species, previously described 131 

approach based on the total symptom severity score (TSSS) system was adopted 132 

[15], whereby higher score indicates greater severity of respiratory symptoms [2, 3]. 133 

 134 

Sequencing and Quantification of RV 135 

Total viral RNA was extracted from 3,935 nasopharyngeal specimens and 136 

were screened for viral pathogens using the xTAG Respiratory Viral Panel (RVP) 137 

FAST Assay (Luminex Molecular, Toronto, Canada). Specific enteroviruses in HEV-138 

positive specimens were further confirmed through nested PCR amplification and 139 

direct sequencing of the VP4/VP2 gene [16]. The RV viral load was quantified using 140 

a newly developed one-step Taqman assay, and viral load was expressed in RV viral 141 

copies/µl of extracted RNA [17] (see Supplementary Material).  142 

The categorical variables were compared using Chi-square test, while the 143 

differences and association between RV viral load and disease severity (based on 144 
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total symptom severity score, TSSS) were investigated through the non-parametric 145 

Mann-Whitney U test, Kruskal-Wallis test, linear regression and multivariate analysis 146 

using SPSS. To improve clarity, the recorded number of days after the onset of 147 

symptoms (symptomatic phase) was grouped into sub-categories, namely day 1-2, 148 

3-4, 5-7 and more than 8, based on previously described method [3]. 149 

 150 

Phylogenetic and Phylodynamic Analysis of RV 151 

To determine the genetic types and to identify the possible transmission 152 

clusters of RV in the present study, neighbour-joining and Bayesian maximum clade 153 

credibility (MCC) trees were reconstructed based on an updated and comprehensive 154 

list of global VP4/VP2 sequence data (3,397 sequences). The time of most recent 155 

common ancestor (tMRCA) of the respective transmission clusters observed in RV-156 

A, -B and -C were then estimated by the Bayesian coalescent-based relaxed 157 

molecular clock model, performed in BEAST 1.7 (see Supplementary Material).  158 

 159 

Meteorological Parameters and Their Associations with RV cases 160 

 To understand the seasonality of RV infections, meteorological data collected 161 

from a weather station located within a 5 kilometers radius from the hospital were 162 

obtained from the Malaysian Meteorological Department and were analyzed using 163 

Statistical Package for Social Sciences version 22.0 (SPSS Inc., Chicago, USA) (see 164 

Supplementary Material).  165 

166 
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RESULTS 167 

Distribution of RV types in patients with acute respiratory tract infection. A 168 

total of 3,935 consenting outpatients (median age: 38 years old, range: 7 – 95 years 169 

old) with symptoms of acute respiratory tract infection were recruited, of whom 51% 170 

(2,009/3,935) were positive for at least one viral pathogen in the multiplex respiratory 171 

virus panel screening assay. Among 2,009 subjects, 976 (49%) were tested positive 172 

for RV, highlighting its high prevalence in individuals with symptoms of acute upper 173 

respiratory tract infection (Supplementary Table 1). The species (and genetic types) 174 

of the infecting RV were determined through the neighbour-joining phylogenetic 175 

reconstruction (Figure 1a, 1b and 1c). Phylogenetic analysis of the VP4/VP2 gene 176 

revealed the predominance of RV-A, infecting 49% (473/976) of the subjects, 177 

followed by RV-C (38%, 372/976), and RV-B (13%, 131/976). The prevalence of RV-178 

A and -C infections were consistently higher than RV-B throughout the study period 179 

(Figure 1d). In total, 111 distinct RV types (RV-A: 54 types, RV-B: 16 types and RV-180 

C: 41 types) were identified by phylogenetic analysis.  181 

 182 

Clinical characteristics of RV infection, viral load dynamics and the 183 

association with symptom severity of acute respiratory infections. To 184 

investigate the variation in clinical manifestations during acute respiratory infection, 185 

the clinical characteristics among subjects positive for RV were compared to those 186 

infected with other respiratory viruses (Table 1). Of the 976 RV-infected subjects, 187 

129 subjects were excluded from analysis due to co-infection with at least one other 188 

respiratory virus or incomplete data. It was observed that most of the RV-infected 189 

subjects experienced sneezing, nasal discharge, nasal congestion but fewer 190 

experienced muscle ache. A significant negative correlation between RV viral load 191 
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and the estimated number of days from onset of symptoms was observed, with a 192 

correlation coefficient (r) of -0.121 (p<0.001). A significant regression in median RV 193 

viral load (p<0.001) was observed; from 883 viral copies/µl at day 1-2 to 312 viral 194 

copies/µl at day 3-4 and 158 viral copies/µl at day 5-7, before declining further to 35 195 

viral copies/µl at day ≥8 (Figure 2a and Supplementary Table 2). Of note, subjects 196 

with respiratory symptoms for ≥8 days had detectable RV RNA.  197 

Taking other covariates (e.g. patient’s demographic) into consideration, 198 

multiple linear regression analysis was performed to assess the difference in viral 199 

load between RV species at different symptomatic phases. At the species level, it 200 

was generally shown that subjects infected with RV-C had a significantly higher viral 201 

load as compared to those infected with RV-A and -B (Figure. 2b and Supplementary 202 

Table 3). Such difference in viral load was only evident at day 1-2 (p=0.006). The 203 

difference in viral load between RV-A and RV-B was not statistically significant. 204 

Interestingly, the multiple linear regression analysis revealed that patients with higher 205 

viral load generally had higher TSSS (p=0.017), indicating the increased severity of 206 

RV-associated acute respiratory tract infection (Figure 2c and Supplementary Table 207 

4). Such association was profound at day 1-2 of the symptomatic phase (p=0.012), 208 

which coincided with the peak viral load. Taken together, analysis using multivariate 209 

analysis further indicated that patients infected with RV-C recorded higher viral load 210 

and higher TSSS (Supplementary Table 5), suggesting that the increased symptom 211 

severity among RV-C-infected individuals could be attributed to the high viral load. 212 

 213 

The evolutionary histories of RV transmission clusters.  214 

 Phylogenetic reconstruction uncovered a total of 28 RV-A transmission 215 

clusters of varying sizes (2-9 subjects), predominantly involving RV-A32 (14%, 4/28). 216 
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Similarly, a total of 15 and 40 transmission clusters (involving 2-11 subjects) were 217 

observed among RV-B and RV-C, respectively, with the predominance of RV-B79 218 

(27%, 4/15), B69 (27%, 4/15) and C22 (10%, 4/40) (Figure 1 and Supplementary 219 

Figure1). Based on Bayesian analyses, mean evolutionary rates of 3.21-3.24 (3.04-220 

3.41) x 10-3 substitutions/site/year (across RV-A, -B and -C) were estimated and 221 

were used to elucidate the divergence times of RV transmission clusters 222 

(Supplementary Figure 2). 223 

 224 

Seasonality of acute respiratory illness associated with RV infection in the 225 

tropical region. It was observed that the number of RV-infected cases peaked 226 

between October and December in 2012 and 2013, where the number of rain days, 227 

total amount of rain fall and relative humidity were high (Figure 3). During the peak 228 

detection periods, the ground temperature and air pollutant (PM10) readings were 229 

low. Statistical analysis showed that relative humidity seemed likely to be the main 230 

predictor for the increased number of RV infections, based on both partial (r=0.520, 231 

p=0.011) and bivariate (r=0.491, p=0.009) correlations as well as regression 232 

analyses (standard regression coefficient, beta=1.329, t=2.79, p=0.011) 233 

(Supplementary Table 6). It is important to note that relative humidity showed a 234 

significant positive correlation with the number of rain days (r=0.886, p<0.001) and 235 

total amount of rain fall (r=0.833, p<0.001), and a significant negative correlation with 236 

mean temperature (r=-0.715, p<0.001) and PM10 (r=-0.700, p<0.001), underlining the 237 

indirect role of these meteorological factors and PM10 on the RV activities and 238 

seasonality.  239 

240 
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DISCUSSION 241 

Recent studies had investigated the potential role of viral load in molding the 242 

dynamics of viral-associated acute respiratory infection [20, 21]. However, limitations 243 

that may hamper accurate viral load quantification remains evident in many existing 244 

assays, such as the potential risk of viral load misestimation and the suboptimal 245 

sensitivity to detect broad array of RV types [22]. Here, a newly established Taqman 246 

assay with a broader coverage for improved detection and quantification of RV viral 247 

load was used [17]. From 847 RV-infected patients, RV viral load peak was observed 248 

in 1-2 days after symptoms onset, in line with previously reported observation [23]. A 249 

significant regression in RV viral load was observed thereafter, an indication of viral 250 

clearance by the immune system. Importantly, some patients had detectable viral 251 

load 1 week after the onset of symptoms. Such observation clearly suggests the 252 

prolonged RV shedding in the respiratory tract [24], which may facilitate viral 253 

transmission during the second week of infection.  254 

Several studies have attempted to examine the influence of RV species on 255 

viral load during infection. For instance, study has demonstrated that in RV-C-256 

infected patients with pneumonia, higher mean viral load was reported [3]. However, 257 

insignificant difference in median peak viral load between RV species was also 258 

reported in hospitalized patients elsewhere [26]. In the present analysis, which was 259 

established based on the large-scale RV molecular epidemiology and viral load data, 260 

a significant association between RV species and viral load was found, of whom RV-261 

C-infected subjects exhibited higher nasopharyngeal viral load in comparison to 262 

subjects infected with RV-A and -B. Such notable difference in viral load between RV 263 

species could potentially due to, among others, the utilization of different cellular 264 

receptors for virus entry [27]. In comparison to RV-A and -B that utilize the 265 
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intercellular adhesion molecule 1, RV-C uses the highly-expressed cadherin-related 266 

family member 3 (CDHR3) as cellular receptor, in which a single nucleotide 267 

polymorphism (C529Y) in CDHR3 is associated with the upregulation of receptors on 268 

cell surface, promoting viral replication with a consequent increase in viral load [28]. 269 

Several other studies have investigated the impact of viral load on the 270 

virulence and severity of respiratory tract infection. For instance, it has been shown 271 

that higher viral load is a risk factor for the development of respiratory complications 272 

such as lower respiratory infection, bronchial hyperreactivity and respiratory failure, 273 

leading to prolonged hospitalization [20]. Here, statistical analysis revealed a 274 

significant correlation between higher viral load and increased symptoms severity, a 275 

manifestation that is associated with increased vascular permeability and stimulation 276 

of mucus hypersecretion during RV infection [18]. Several studies have also 277 

demonstrated the immunomechanism, whereby an increased production of 278 

interleukin-10 (IL-10) following heightened RV replication leads to an attenuated type 279 

1 T helper (Th1) immune response, resulting in an increased symptom severity of 280 

acute respiratory infection [18]. However, such finding should be interpreted with 281 

caution as the present study focused primarily on nasopharyngeal viral load in 282 

outpatients (median age: 38 years old) with upper respiratory tract symptoms who 283 

sought medical care, and may not be reflected in those with lower respiratory 284 

illnesses that required hospitalization. Importantly, the inclusion of age and time 285 

matched asymptomatic controls are necessary to avoid potential biases. 286 

Studies have shown the ability of viral sequence data in defining transmission 287 

clusters, highlighting the importance and advantage of viral genetic information in 288 

assessing the epidemic linkages [29, 30]. Here, multiple transmission clusters across 289 

RV-A, -B and -C species were observed (33%, 320/976 of RV VP4/VP2 sequences), 290 
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suggesting that the observed RV disease burden was largely linked to multiple sub-291 

epidemics. To the best of our knowledge, the transmission clusters of RV were 292 

mapped for the first time at the population level, providing significant insights in 293 

understanding the dynamics of RV transmission. However, it is important to 294 

acknowledge that the actual number of transmission clusters circulating in the 295 

population could have been underestimated due to sampling bias from a single study 296 

site. Genealogical analysis estimated that most of the RV transmission clusters 297 

originated around 2010, highlighting their recent ancestral origin, though RV-C 298 

seemed to have a more diverse and older origin. Such observation suggested that 299 

RV-C might have emerged earlier, but went undetected due to the lack of a reliable 300 

detection system [6]. 301 

In a recent molecular surveillance study of 29 months, it was reported that 302 

more than 100 RV types were found circulating during the study period [31], and that 303 

the circulating RV types could change over time [32]. In the present study that 304 

spanned a period of 27 months, a total of 111 distinct RV types were identified, in 305 

which up to fourteen distinct RV types were seen circulating concurrently in the study 306 

population within a given week (Supplementary Figure 3). However, it is important to 307 

note that the study subjects were recruited from a single study site, potentially 308 

leading to the underestimation of prevalence and distribution of circulating RV. In 309 

comparison to a study from Malaysia that detected 26 RV types in children 310 

presented with respiratory infections [33], a more diverse population of RV types 311 

were detected in adults in the present study. Although this may suggest that the 312 

adult population may play an important role in sustaining viral transmission and 313 

persistence in the general population, further investigation is necessary to test the 314 

hypothesis.  315 
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The impact of meteorological factors has been shown to correlate with 316 

incidence and seasonality of respiratory viruses [12]. For instance, temperate winters 317 

appeared to boost viral transmission by increasing the viral survivability in aerosols 318 

and on surfaces. However, the effects of air pollutant such as PM10 remain 319 

insufficiently reported. Malaysia has a tropical equatorial climate accompanied by the 320 

Southwest Monsoon (spans between May and September) and Northeast Monsoon 321 

(November to March) rainy seasons, of which, the Northeast Monsoon brings more 322 

rainfall as compared to Southwest Monsoon. As anticipated, the peaks of total rain 323 

fall, number of rain days and relative humidity coincided with the Malaysian 324 

Northeast Monsoon. Statistical analysis revealed that relative humidity was the 325 

strongest predictor for RV infections, in congruence with finding reported elsewhere 326 

[12]. It has been reported that RV is more stable and viable in conditions with high 327 

humidity, which extends the protective effect of droplets on viruses trapped on 328 

fomites or aerosols [12, 34]. Although the direct effects of other meteorological 329 

parameters and PM10 on RV prevalence were not observed, it has been shown that 330 

relative humidity has a positive correlation with the number of rainy day and amount 331 

of rainfall, while exhibiting negative correlation with mean ground temperature and 332 

PM10, suggesting a multifactorial contribution to the RV seasonality and incidence. 333 

To have a thorough assessment, other factors such as fine particulate matter 334 

(PPM2.5) and oxidant pollutant levels (NO2, and O3), upon availability, should also be 335 

taken into consideration. Likewise, the effects of these meteorological factors that 336 

may alter human behavior, such as staying indoor during rainy seasons, which in 337 

turn create a proxy for close contact RV transmission should also be investigated 338 

further {Eggo, 2016 #11690}{Pica, 2012 #12864}. 339 
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Given the fact that RV is one of the most prevalent respiratory viruses, we 340 

believe that the burden of RV infections in Kuala Lumpur could be higher than 341 

documented. Also, since the proviso in analyzing evolutionary history more 342 

accurately relies on the depth of population-based sampling, a study of such nature 343 

should be continued and expanded to more recruitment centres in different countries 344 

to improve the resolution of RV genomic diversity and transmission dynamics.  345 

Nevertheless, our data reveal that RV contributed to nearly half of acute viral 346 

respiratory tract infections in adult outpatients. Remarkably, RV-C and high viral load 347 

were shown to be the important determinants of the severity of acute respiratory 348 

illnesses. The phylogeny-based transmission clusters of RV were mapped for the 349 

first time, suggesting that the high RV disease burden in the population was largely 350 

linked to multiple sub-epidemics involving RV-A and -C. The detection of diverse RV 351 

types highlights the enormous genetic complexity and rapid evolution of circulating 352 

RV that warrant continuous molecular surveillance at the population level. Finally, 353 

the seasonality of RV in the tropical Southeast Asia region was largely influenced by 354 

the relative humidity in the environment.  355 

356 
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Figure legends 469 

 470 

Figure 1. Phylogenetic transmission clusters of RV-A, -B and -C VP4/VP2 gene. 471 

Neighbour-joining trees based on global RV VP4/VP2 sequence data (3,397 472 

sequences) are shown. Phylogeny reconstructions indicated that the 976 Malaysian 473 

strains were classified as (a) RV-A (n=473), (b) RV-B (n=131), and (c) RV-C 474 

(n=372). A total of 111 distinct RV types (or serotypes) were identified and indicated 475 

at the tips of the tree (marked with parentheses). Eighty-three transmission clusters 476 

(filled circles) were observed across RV-A (28 clusters, size ranges between 2-9), 477 

RV-B (15 clusters, size ranges between 2-11) and RV-C (40 clusters, size ranges 478 

between 2-11). Newly sequenced RV that do not form transmission clusters were 479 

indicated (hollow circles). The statistical significance of the branching order was 480 

validated by bootstrap analysis of 1,000 replicates and the scale bar represents the 481 

nucleotide substitutions per site. (d) Bar chart illustrating the monthly distribution of 482 

RV-A, -B and -C infection in Kuala Lumpur, Malaysia, between March 2012 and May 483 

2014.  484 

 485 

Figure 2. The dynamics of population viral load in the upper respiratory tract 486 

during symptomatic phase of acute RV infection. (a) Boxplot illustrating the 487 

changes of RV viral load (copies/µl) during the course of acute respiratory tract 488 

infection. The regressive trendline highlighted a significant difference in median viral 489 

load as the estimated number of days from the onset of symptoms increased 490 

(p<0.001). (b) The difference in viral load between RV species during the 491 

symptomatic phase of acute RV infection. RV-C showed a significantly higher viral 492 
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load than RV-A and RV-B (p<0.001), particularly at day 1-2 (p=0.006). The 493 

difference in viral load between RV-A and RV-B was not statistically significant. (c) 494 

RV viral load and the symptom severity of acute respiratory tract infections during 495 

the symptomatic phase of acute RV infection. The comparison of viral load between 496 

TSSS groups (a = 1-8, b = 9-16 and c = 17-24) indicated that higher TSSS was 497 

significantly associated with higher viral load (p=0.017), particularly at day 1-2 498 

(p=0.012).  499 

 500 

Figure 3. Seasonality of RV infections and meteorological profiles in Kuala 501 

Lumpur, Malaysia between March 2012 and May 2014. Bar and line charts 502 

illustrating the trends between RV incidence and meteorological factors were 503 

depicted. Meteorological data from February 2012 were omitted due to the 504 

incomplete sampling period. The number of RV-infected cases was higher during the 505 

months where the number of rain days, total amount of rain fall and relative humidity 506 

were high, while the ground temperature and air pollutant (PM10) readings were low. 507 

The increased or decreased (arrows) in meteorological readings that coincided with 508 

the annual peak of RV detection between October and December were indicated. 509 

 510 

Table 1: Clinical manifestations in patients presented with acute respiratory 511 

infections. 512 

 513 

Supplementary Figure 1. Pie charts summarizing the distribution of RV types 514 

that formed transmission clusters. A total of 83 transmission clusters, inferred 515 

from neigbour-joining tree, were observed across RV-A (28 clusters), RV-B (15 516 

clusters) and RV-C (40 clusters), with the predominance of RV-A32 (14%, 4/28), RV-517 
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B79 (27%, 4/15), B69 (27%, 4/15) and C22 (10%, 4/40). The number of clusters 518 

observed in each RV types are indicated in parentheses.  519 

 520 

Supplementary Figure 2. Divergence times of RV-A, -B and -C transmission 521 

clusters among subjects presented with acute respiratory tract infections in 522 

Kuala Lumpur, Malaysia. The divergence times (in calendar years) of the RV 523 

transmission clusters and the 95% highest posterior distribution were estimated 524 

based on the VP4/VP2 gene in BEAST software. The Bayesian coalescent relaxed 525 

clock-based analysis was performed using a general time-reversible nucleotide 526 

substitutions model with a gamma-distributed among-site rate variation.  It was 527 

estimated that the divergence times of RV-A and -C transmission clusters were 528 

dated around early 2000s to mid-2010s, while the divergence times of RV-B types 529 

were dated more recently than that of RV-A and -C. 530 

 531 

Supplementary Figure 3. Line chart illustrating the number of circulating RV 532 

types between February 2012 and May 2014. A total of 111 distinct RV types were 533 

identified, in which up to fourteen distinct RV types (indicated in red) were seen 534 

circulating concurrently in the study population within a given week. 535 

 536 

Supplementary Table 1: Demographic Table 537 

 538 

Supplementary Table 2: Rhinovirus (RV) viral load among RV-positive subjects at 539 

different symptomatic phase (in days). 540 

 541 
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Supplementary Table 3: Viral load of RV-A, -B and -C among RV-positive subjects 542 

at different symptomatic phase (in days). 543 

 544 

Supplementary Table 4: Rhinovirus (RV) viral load among RV-positive subjects 545 

(with different TSSS) at different symptomatic phase (in days). 546 

 547 

Supplementary Table 5: Viral load of RV-A, -B and -C among RV-positive subjects 548 

(with different TSSS) at different symptomatic phase (in days). 549 

 550 

Supplementary Table 6: Linear correlation and regression between meteorological 551 

factors and number of RV cases. 552 


