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Abstract 

Respiratory syncytial virus (RSV) circulates worldwide, occurring seasonally in 

communities, and is a leading cause of acute respiratory illness in young children. There is 

paucity of genomic data from purposively sampled populations by which to investigate 

evolutionary dynamics and transmission patterns of RSV. Here we present an analysis of 295 

RSV group B (RSVB) genomes from Kilifi, coastal Kenya, sampled from individuals seeking 

outpatient care in 9 health facilities across a defined geographical area (~890 km2), over 2 

RSV epidemics between 2015 and 2017. RSVB diversity was characterized by multiple virus 

introductions into the area and co-circulation of distinct genetic clusters, which transmitted 

and diversified locally with varying frequency. Increase in relative genetic diversity 

paralleled seasonal virus incidence. Importantly, we identified a cluster of viruses that 

emerged in the 2016/17 epidemic, carrying distinct amino-acid signatures including a novel 

non-synonymous change (K68Q) in antigenic site  in the Fusion protein. RSVB diversity 

was additionally marked by signature non-synonymous substitutions that were unique to 

particular genomic clusters, some under diversifying selection. Our findings provide insights 

into recent evolutionary and epidemiological behaviors of RSV group B, and highlight 

possible emergence of a novel antigenic variant, which has implications on current 

prophylactic strategies in development.   
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Introduction (443 words) 

Respiratory syncytial virus (RSV) is the most common cause of acute lower 

respiratory tract infection in children aged <5 years worldwide, with an estimated 

associated mortality of up to 199,000 deaths per year mostly in developing countries 

(Pneumonia Etiology Research for Child Health Study 2019; Scheltema et al. 2017). RSV is 

also an important cause of community-acquired pneumonia among hospitalized adults of all 

ages (Dowell et al. 1996). RSV has an enveloped, non-segmented, single-stranded, negative 

sense RNA genome of approximately 15,000 nucleotides encoding 11 proteins: NS1, NS2, N, 

P, M, SH, G, F, M2-1, M2-2, and L (Sullender 2000). RSV clinical isolates are classified into 

two groups (RSVA and RSVB) based on antigenic and genetic variability (Melero et al. 1997). 

Distinct genotypes of RSV circulate locally and globally suggestive of rapid global 

transmission (Bose et al. 2015). The available therapeutic modalities are chiefly supportive, 

and prophylactic treatment with neutralizing antibodies is effective in reducing morbidity in 

infants (Neuzil 2016). There is no licensed vaccine for routine use in immunization, however, 

vaccine candidates and monoclonal antibodies (mAbs) are in advanced clinical trials 

(Gerretsen and Sande 2017).  

We have previously characterised RSV dynamics in coastal Kenya, using the G 

glycoprotein gene and using whole genome sequences of RSVA genotype ON1, almost 

exclusively from samples from pneumonia patients admitted to the Kilifi County Hospital 

(Agoti et al. 2015a; Otieno et al. 2016; Otieno et al. 2018). From these studies, RSV displays 

high genetic diversity of locally circulating strains, within and between consecutive 

epidemics. Furthermore, recurrent RSV epidemics in Kilifi are depicted by sequential 

replacement of genotypes, over the long term, and high turnover of variants within 

genotypes in the short term (Agoti et al. 2015a; Otieno et al. 2016). In the current study, 
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samples arise from a design aimed to limit temporal, age-related, illness severity, 

geographical, and health care access bias. Recruitment was carried throughout a study 

location, from representative health facilities, simultaneously, and of patients of any age 

with mild acute respiratory symptoms (Nyiro et al. 2018). 

Phylodynamic methods have been used to study molecular epidemiology and 

evolutionary dynamics of RNA viruses including Ebola, Zika, influenza and coronaviruses 

(Dudas et al. 2017; Faria et al. 2013; Faria et al. 2017; Lemey et al. 2014; Sironi et al. 2020; 

Zehender et al. 2017). However, despite the importance of RSV to pneumonia 

hospitalisation and mortality among children (Pneumonia Etiology Research for Child Health 

Study 2019), there are few equivalent genome-scale studies to examine RSV transmission 

and evolution particularly within a community setting (Agoti et al. 2015b; Agoti et al. 2017; 

Agoti et al. 2019; Otieno et al. 2018; Trovao et al. 2019). While most studies on RSV focus on 

the G glycoprotein gene because of its high genetic diversity and utility as a phylogenetic 

marker, genome-wide genetic signatures additionally inform on diversity and the adaptive 

mechanisms following introduction into the population (Otieno et al. 2018). 

We measured genomic diversity, spatial and temporal circulation of RSVB in rural 

Kilifi, coastal Kenya, from samples collected through outpatient surveillance, analogous to 

studying community RSV epidemics. We present estimates of rate of evolution and time 

since the most recent common ancestor (tMRCA) and infer viral population dynamics over 

two consecutive RSV epidemics in coastal Kenya. In particular, we identify emergence of a 

novel RSVB variant carrying distinct amino acid signatures.  

 

Materials and methods 
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Study design and sample testing. RSV is highly seasonal in Kilifi, Kenya, starting from 

November through May, with a peak around January and an average duration of 18 weeks 

(Nokes et al. 2009). This study was carried out within the Kilifi Health and Demographic 

Surveillance System (KHDSS) area (Scott et al. 2012) and used samples collected from 

December 2015 to July 2017, a period covering two RSV seasonal epidemics (2015/16 and 

2016/17). Nine public outpatient health facilities in KHDSS were purposively selected 

(Matsangoni (MAT), Ngerenya (NGE), Mtondia (MTO), Sokoke  (SOK), Mavueni (MAV), 

Jaribuni (JAR), Chasimba (CHA), Pingilikani (PIN) and Junju (JUN)) to provide a broad 

representation covering major road networks and variation in population density (Fig. 1) 

(Nyiro et al. 2018). Participant recruitment and specimen collection was integrated within 

the routine patient care as detailed in (Nyiro et al. 2018). Written individual informed 

consent was sought from adult patients and parents/guardians of patients below 18 years. 

Nasopharyngeal swabs (NPS) were screened for RSVA and RSVB using a multiplex real-time 

PCR assay system (Hammitt et al. 2011; Kamau et al. 2017). RSV positives were defined as 

samples with a cycle threshold (Ct) <35.0. 

The study was approved by the Kenyan KEMRI-Scientific and Ethical Review Unit 

(SERU# 3103) and the UK University of Warwick Biomedical and Scientific Research Ethics 

Committee (BSREC# REGO-2015-6102). 

 

RSVB whole genome sequencing and data assembly. Whole genome amplification 

and sequencing was attempted for all RSVB positive samples. Reverse transcription and PCR 

amplification were performed with a six-amplicon, six-reaction strategy presented in detail 

in (Agoti et al. 2015b). Methods for quality checking of the sequence reads, depletion of 
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human reads, consensus genome assemblies and calculation of coverage depth, were as 

described in (Otieno et al. 2018).  

 

 Data compilation and sequence alignment. A global dataset was prepared by 

retrieving RSVB complete genomes from GenBank sampled between 2012 and 2016. 

Sequences published without date or location of sampling were excluded. For all analyses, 

sequence alignment was done using MAFFT v.7.221 (Katoh and Standley 2013) and the 

parameters ‘–localpair –maxiterate 1000’. Because of sparse data at the genome termini 

and in the noncoding regions, only the coding genomic regions were used for all analyses. 

 

Tests of temporal signal. A maximum likelihood (ML) tree of the Kilifi dataset was 

estimated using IQ-TREE 1.6 (Nguyen et al. 2015). The best-fit substitution model was tested 

and chosen during the tree building process and the approximate likelihood ratio test (aLRT) 

was applied to assess the reliability of key branches of the trees (1000 replicates). To 

examine the degree of temporal signal or signal of divergence accumulation over the 

sampling time interval, we first followed a standard exploratory linear regression approach. 

Root-to-tip distances were plotted as a function of sampling time according to a rooting that 

maximises the Pearson product-moment correlation coefficient using TempEst (Rambaut et 

al. 2016).  

We also explored an alternative test of temporal signal using a Mantel test (Murray 

et al. 2016) to identify whether genetically similar taxa were more likely to have been 

sampled around the same time. With this method, the significance of the correlation 

between the root-to-tip distances and sampling times was estimated against a null 

distribution obtained by reassigning the sampling dates to the taxa 1,000 times. We 
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repeated the Mantel test incorporating a clustered permutation approach (S. Duchene et al. 

2015b) where dates were randomly reassigned (1000 data replicates) among defined 

clusters of taxa. To identify clusters for clustered permutation, we used the patristic 

distances generated by IQ-TREE above and plotted a distribution plot of the distances in R (R 

Core Team 2014) (Supplementary Fig. S1). A cutoff value (0.0024 nucleotide substitutions 

per site) determined as the least value between the first and second peaks in the 

distribution (Supplementary Fig. S1), was used to define clusters as sequences within 

genetic distance threshold of <0.0024. The Mantel tests were implemented in R using 

Murray et al.’s scripts (Murray et al. 2016). 

The significance of linear regression of sampling dates against root-to-tip distances in 

the clustered permutation analyses was assessed by a P-value: comparison of the observed 

data correlation coefficient (r) to the r estimates for the data replicates with dates randomly 

permuted over the defined clusters.  

 Further, we complimented the linear regression permutation tests with Bayesian 

dating permutations done in 100 million steps and sampling every 10,000. This involved 

creating ten datasets with randomly permuted tip-dates as suggested in (Murray et al. 

2016). The significance of the Bayesian tip-date informed evolutionary rate was determined 

by comparing the mean substitution rate estimate from the observed data with the 95% 

HPDs estimated from the date randomized datasets for which no particular relationship 

between sampling time and root-to-tip divergence is expected while assuming the same 

evolutionary models in all the Bayesian dating analyses (Firth et al. 2010).  

 

Bayesian analyses. Time-calibrated phylogenies were done using BEAST v1.10 

(Suchard et al. 2018). To model the nucleotide substitution process, the codon positions 
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were partitioned into 1st + 2nd vs. 3rd positions. The HKY substitution model with a 

discretized gamma distribution was used to model rate heterogeneity across sites (Shapiro 

et al. 2006). An uncorrelated lognormal relaxed molecular clock was used to accommodate 

variation in evolutionary rate among lineages (A. J. Drummond et al. 2006) and a non-

parametric skyride demographic model with time-aware smoothing was selected. The 

molecular clock rate was set to use a noninformative continuous time Markov chain rate 

reference prior. The analyses were done in 200 million steps, sampling every 10,000. 

Stationarity and mixing (e.g. based on effective sample sizes >200 for the continuous 

parameters) were examined using Tracer version 1.7. The Bayesian dating permutation tests 

(described above) were done in 100 million steps, sampling every 10,000. Maximum clade 

credibility (MCC) trees were generated from the BEAST posterior tree sets using 

TreeAnnotator.  

 

Phylogeny-trait association analysis. For the Kilifi dataset alone, we used the 

Bayesian Tip-association Significance (BaTS) software (Parker et al. 2008) to assess the 

strength of geographic clustering in the posterior tree distribution obtained from BEAST 

analyses. The overall statistical significance was determined by estimating the parsimony 

score (PS) and association index (AI) metrics, where the null hypothesis is that clustering by 

geographic location is not more than that expected by chance. In addition, the maximum 

clade (MC) size metric was used to compare the strength of clustering at each location by 

calculating the expected (null) and the observed mean clade size from each study location. 

A significance level of 0.05 was used in all cases. The PS, AI and MC statistics were computed 

for a null distribution with 1000 replicates.  
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Selection analyses. Gene-specific nonsynonymous to synonymous substitutions 

(dN/dS) ratios were estimated using the SLAC method (Weaver et al. 2018). We also 

investigated episodic positive or diversifying selection using MEME and FUBAR methods. 

MEME aims to detect sites evolving under positive selection in a proportion of branches, 

while FUBAR uses a Bayesian approach and assumes that selection pressure is constant 

along the entire phylogeny.  

 

Sequence data availability. The sequencing reads are available in the NCBI 

BioProject database under the study accession PRJNA562116 and the genomes generated in 

this study are available in GenBank under accession numbers MN365302 to MN365600. 

 

Results 

RSVB occurrence in Kilifi, 2015 to 2017. Between December 2015 and July 2017, 

8127 nasopharyngeal swab samples were tested for RSV, and 503 (6.2%) were positive (Ct 

<35). Among the RSV positive samples, 95 (18.9%) were RSVA and 408 (81.1%) were RSVB. 

The frequency and monthly pattern of occurrence of RSVB for each participating health 

facility are shown in Fig. 2. Overall, the proportion of RSV positive individuals differed by age 

(p value <0.001) and study location (p value = 0.003) (Supplementary Table 1). The median 

age of RSV positive individuals was 20 months (interquartile range (IQR), 8-43 months), 

81.7% (411/503) were aged 5 years or younger, and 272 (54.1%) of the cases were female 

(Supplementary Table 1). The peak period for RSV case detections occurred from November 

to May the following year.  
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Genome characteristics and relative genetic diversity. Sequencing and data 

assembly was successful for 299/408 (73.3%) RSVB positive samples. The remaining 26% 

(109/408) were not sequenced at sufficient depth or the read quality was low. The final 

dataset of the Kilifi RSVB samples consisted of 295 coding-complete genomes. The median 

genome length was 15025 (range 11519 to 15257 nt). All the sequenced RSVB viruses 

belonged to the BA genotype, characterized by the presence of 60-nt duplication in the C-

terminal region of the G glycoprotein gene. Genome coverage did not vary by rRT-PCR Ct 

value. Across the genome length, there were 838 consensus level single nucleotide 

polymorphisms: 554/838 (66%) were parsimony informative, 503/554 (91%) were located 

within coding regions, and 332/503 (66%) were non-synonymous. Non-synonymous changes 

were higher at the mucin-like domains of G gene; in the N-terminal of fusion (F) gene; as 

well as in the N- and C-terminals of RNA-dependent RNA polymerase (L) gene (Fig. 3(A)).  

Bayesian demographic reconstruction (Fig. 3(B)) showed seasonal periodicity in 

relative genetic diversity corresponding with RSVB incidence. Such temporal resolution of 

changes in the viral population size could imply sufficient sampling density (Otieno et al. 

2016). A decline in relative genetic diversity was observed between the two epidemics 

indicating lineage or variant replacement. 

  

Phylogenetic relationships and spatial structure. We identified six well supported 

clades based on the phylogenetic positioning of the Kilifi samples in the context of globally 

sampled RSVB genomes (Fig. 4(A)). Three clades (II, III and IV) further segregated into 

defined temporal sub-clades. The absence of external sequences nested within the Kilifi 

clades might suggest local persistence and diversification, although we cannot exclude 

importation events from unsampled locations. Distinctively, clades V and VI solely contained 
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viruses from the 2015/16 and 2016/17 epidemics, respectively, while the other clades 

contained samples from both RSV epidemics. For each clade, we estimated the duration or 

persistence based on sample collection dates and the time of divergence (Supplementary 

Table 2), but these inferences might be biased due to assorted sampling locally and globally. 

The inferred clades were spatially disseminated (Fig. 4(B)), suggesting frequent 

mixing within Kilifi, and none was restricted to a single study location. We calculated AI and 

PS values statistics to assess the strength of spatial association with the RSVB transmission 

patterns in Kilifi. The analysis showed high AI and PS values (Table 1), suggesting strong and 

significant spatial structuring for each location (P < 0.001). Geographic clustering was 

significant in at least 8/9 study locations as shown by the maximum clade size values (Table 

1). Differences in the observed and expected MC values (Table 1) suggested that Mavueni 

exhibited the most spatial structure (difference of 8.7) and Mtondia had the least 

(difference of 0.3). 

 

Temporal signal and molecular dating. The standard linear regression exploration of 

the Kilifi dataset showed an overall correlation between the root-to-tip distances and time 

(correlation coefficient of 0.85), and a clear difference in root-to-tip distances between the 

two RSV epidemics (Fig. 5(A)). A mantel test (Murray et al. 2016) applied to the Kilifi dataset 

however found evidence of significant confounding between temporal and genetic 

structures (P = 0.001) and indicated that an alternative approach to date-randomization 

(clustered permutation) should be used to test for temporal structure. For this, we grouped 

the Kilifi genomes into 20 clusters using the pairwise patristic distance threshold of 0.0024 

(see Methods) and repeated the mantel test with sampling dates permuted over the 20 
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clusters (1000 permutations). The mantel test after clustering confirmed that our choice of 

clusters was sufficient to eliminate the confounding (P = 0.98).  

To assess the significance of the correlation between phylogenetic root-to-tip 

distance against sampling time, we performed a linear regression with a clustered date 

permutation test (100 permutations). The clustered permutation regression test reached 

significance (P = 0.001), and the r estimate with the observed data was outside the range of 

r estimates obtained using date randomization (Supplementary Fig. S2), indicating that the 

observed correlation between the root-to-tip distances and time differs significantly from 

what is expected in the absence of a temporal structure (Laenen et al. 2019).  

We further evaluated the presence of temporal signal with Bayesian dating 

permutation implemented in BEAST. Sampling dates were permuted ten times over the 

clusters defined earlier and the substitution rate estimates from the date-randomized 

datasets compared to the estimates from the true ordering of dates. The substitution rate 

of the true observed data was estimated as 9.922 x 10-4 (95% HPD: 8.14 x 10-4 – 1.18 x 10-3) 

nucleotide substitutions/site/year and did not overlap with HPD intervals obtained from the 

date-randomized datasets (Fig. 5(B)). This indicates an appreciable presence of temporal 

signal and structure in the data. The tMRCA for the Kilifi samples was estimated to 2012 

(95% HPD: 2011.1 – 2013.5).  

 

Amino acid diversity. An alignment of amino acid (aa) sequences showed mutations 

characteristic to each clade (Supplementary Table 2). In the two RSV epidemics, there were 

at least 37 and 93 aa substitutions in F and G gene, respectively. In F gene, three aa 

substitutions (A103V, L172Q and S173L) were found in antigenic site V in the 2015/16 

viruses. These three substitutions were also circulating from 2015 to 2017 in USA (Bin et al. 
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2019) and South Africa (Liu et al. 2020), and in both countries, the polymorphisms were 

detected continuously and in increasing frequency. However, none of the samples from the 

2016/17 epidemic in Kilifi had A103V, L172Q and S173L substitutions probably due to 

removal by purifying selection. It was suggested that the three substitutions likely emerged 

in 2014/15 as they were not present in RSV F sequences prior to 2013 (Bin et al. 2019).  

Numerous non-synonymous substitutions in G gene occurred together 

discriminating the two epidemics (Supplementary Fig. S3): including R136T, N144H, 

R260G, T279I, P289L and K312R that characterized viruses circulating in the 2015/16 

epidemic; and Y90H, L91F, P101S, T225N, T273I and H285Y that characterized viruses in 

2016/17. Additional clade-specific aa variations identified in other genomic regions are 

listed in Supplementary Table 2.  

Six distinct aa variants - K68Q in F gene; Y90H, L91F, T225N, T273I, and A301T in 

G gene - occurred together at a frequency >40% in the 2016/17 epidemic and distinctively 

characterized the sixth clade (Fig. 4(A)). Importantly, the K68Q substitution is found at the 

antigenic site  of pre-fusion F protein conformation, a binding epitope of monoclonal 

antibody (mAb) MEDI8897 (Zhu et al. 2017). A variant with the mutation K68N was 

reported in 2% of sampled viruses circulating in 2015-16 in the US (Bin et al. 2019). In 

addition, we found that 32% of the RSVB positive samples collected from inpatient 

admissions (<59 months) at the Kilifi County Hospital (a referral facility serving a larger 

catchment area in Kilifi county), in the 2016/17 epidemic, clustered with the G gene 

sequences from the sixth clade (data not shown). These inpatient RSVB strains similarly 

contained the aa substitutions Y90H, L91F, T225N, T273I, and A301T in G gene, 

suggesting wider circulation of this variant.  
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Selection pressure analyses. We estimated higher global non-synonymous 

(dN)/synonymous (dS) substitution rate ratios for G and SH glycoproteins than other genes 

(Table 2). SLAC analyses identified three amino-acid sites (135, 217 and 285) in G gene 

under significant positive selection (P <0.1). MEME analyses detected 3 diversifying codons 

in the F gene, and 11 in the G gene (P < 0.1) (Table 2). The FUBAR method identified 2 codon 

sites in F gene and 7 in G gene, under episodic positive selection with significant support 

(posterior probability >0.9) (Table 2).  

 

Discussion 

This study provides insights into the genomic diversity of RSVB in Kilifi county, 

coastal Kenya. We obtained 295 complete genomes from representative sampling across 

the KHDSS area, over two consecutive RSV epidemics. The two epidemics comprised of 

multiple co-circulating virus clade introductions, which circulated in all the study locations, 

suggesting substantial spatial spread and transmission in a relatively short time. Although 

RSV surveillance has improved globally, complete genomes data from recent years remains 

insufficient and may have limited our inference of spatial and temporal placement of RSVB 

in Kilifi. In the two epidemics, there was a strong spatial structure of the viral population 

indicating local transmission within the populations neighboring a health facility.  

Tip-dated inferences are reliable only if the sequence data exhibits temporal signal 

(A. J. Drummond et al. 2006; Firth et al. 2010). Conventionally, this is based on the fit of 

linear regression between sampling time and root-to-tip distance, and assuming statistical 

independence, a significant positive correlation would indicate presence of evolutionary 

change within the dataset timescale (A. Drummond et al. 2003; A. J. Drummond et al. 2006). 

However, linear regression tests alone can be misleading when there is substantial rate 
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variation among lineages, non-uniform distributed sampling times (Rieux and Balloux 2016), 

imbalanced trees and confounding temporal and genetic structures (i.e. closely related 

sequences arising from sampling at similar times, e.g. during an outbreak) (S. Duchene et al. 

2015b; D. Duchene et al. 2015a). Date randomization tests whether the observed tip-date 

informed estimates deviate from estimates obtained in absence of temporal structure (S. 

Duchene et al. 2015b). The Kilifi dataset was temporally and genetically confounded. 

However, the temporal signal in the data remained when the clustered date permutation 

approach was used confirming detectable temporal structure and assuring reliability of the 

observed tip-dated substitution rate and tMRCA inferences. Confounding may have arisen 

naturally from our clinical sampling protocol or from the evolutionary process itself, as 

suggested previously (Murray et al. 2016). According to (Vrancken et al. 2020), intense 

sampling of closely related sequences, produces a rapid succession of coalescent events just 

before sampling, reminiscent of a panmictic population that is declining in size and in turn 

biases the evolutionary rate estimate and results in misleadingly recent tMRCA (Vrancken et 

al. 2020). An evolutionary change in the genetic constitution of a virus population could lead 

to sequences sampled synchronously being more closely related, for instance in the 

‘ladderized’ Influenza A genealogies, hence inherent temporal and genetic confounding 

(Murray et al. 2016).  

A previous study showed that K68N substitution in F gene affected binding of 

MEDI8897, an RSV pre-F-specific human mAb under clinical evaluation as a passive 

immunization of all infants entering their first RSV season (Domachowske et al. 2018; Zhu et 

al. 2018). It is probable the K68Q substitution identified in clade VI in Kilifi promoted evasion 

of pre-existing immune responses. Unexpectedly, in our data, the F gene amino acid 

position 68 was not under detectable selection pressure. An explanation would be the low 
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rate of nonsynonymous evolution (conversely, high sequence conservation) at position 68 in 

our dataset, or immune driven positive selection could not be identified by methods here. In 

any case conventional approaches for measuring selection pressure consistently detect 

positive selection only at codon sites with high rates of nonsynonymous evolution 

(Kosakovsky Pond and Frost 2005).  

Our study provides a novel sequence polymorphism (K68Q) within the MEDI8897 

binding site with a frequency of nearly 50% in our study population. Additionally, the viruses 

with the K68Q mutation carried five distinctive amino-acid mutations in G gene, including 

two consecutive codons (Y90H and L91F). We are not certain whether these codon 

replacements are due to non-selective epidemiological processes or are compensatory 

mutations that retain protein function, or hitchhikers carried along by chance (Smith et al. 

2004). Still, we cannot exclude the possibility that these are relevant antigenic epitopes.  

In conclusion, we present the utility of genomic analyses to investigate virus 

transmission and genetic diversity including detection of a novel antigenically distinct 

variant. Further studies are required to determine whether the K68Q mutation is adaptive 

and/or a result of escape from antibody-mediated selection and constitutes a naturally 

acquired antiviral resistance that disrupts neutralizing antibody recognition and binding. Our 

study underscores the need for continued genomic surveillance of F and G protein antigenic 

sites as this has implications on RSV therapeutic and vaccine development. An important 

future effort for us is to assess if the K68Q mutation has become more prevalent and 

gradually fixed since the 2016/17 epidemic. Additional sequencing of RSVB from other 

regions in Kenya and neighboring countries is also essential to refine evolutionary dynamics 

and draw better conclusions about geographic origins of viral introductions in Kilifi. The 
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present study makes publicly available a large number of newly sequenced RSVB genomes 

useful for further molecular evolution studies. 
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Figure legends 

Figure 1 A map showing the geographical area covered in the Kilifi Health Demographic 

Surveillance System (KHDSS), expanded from a map of Kenya. The nine participating public 

health facilities are indicated in the map. The dark lines within the polygons indicate the 

road structure within KHDSS. The maps were rendered using QGIS 2.18.17 

(https://www.qgis.org/)  

 

Figure 2 Monthly RSVB occurrence by study location: temporal and spatial distribution of 

RSVB positive cases (left Y axis) and number of clinical samples tested (right Y axis) from 

each participating health facilities. Abbreviations: CHA = Chasimba, JAR = Jaribuni, JUN = 

Junju, MAV = Mavueni, MAT = Matsangoni, PIN = Pingilikani, NGE = Ngerenya, SOK = 

Sokoke, MTO = Mtondia 

 

Figure 3 (A) Relative frequencies of potential non-synonymous changes across codon-

aligned RSV genome sequences. The frequencies for each codon position are calculated as 

the number of non-synonymous nucleotide substitutions for all pairwise comparisons in a 

sequence alignment, while excluding ambiguous bases or insertions. Abbreviations: CT = 

cytoplasmic, TM = transmembrane, CCD = central conserved domain; SP = signal peptide; 

RdRp = RNA dependent RNA polymerase, Cap = capping, and MT = methyltransferase, CD = 

connector domain, CTD = C-terminal domain. (B) Bayesian skygrid analysis depicting 

fluctuating relative genetic diversity for the two RSV epidemics. Solid line represents mean 

relative genetic diversity while the corresponding dashed lines indicate the 95% HPD 

intervals. 
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Figure 4 Maximum clade credibility phylogenies inferred for 573 viruses sampled globally 

between 2012 and 2017. (A) Temporal structure of the Kilifi genomes with tip colors 

indicating the sampling period (RSV epidemic). Clade assignments are indicated as I to VI, 

similarly to Supplementary Table S2. Node support is indicated by posterior probability 

values. (B) MCC tree similar to (A) but showing the spatial patterns of the RSVB 

introductions in Kilifi, Kenya with tips indicating the sampling location. In both phylogenies, 

sequences from outside Kilifi are colored black.  

 

Figure 5 (A) Root-to-tip genetic distances as a function of sampling time. (B) Estimates of 

the mean and 95% HPD interval of the substitution rate (substitution/site/year) from the 

real/actual dataset (bordered by dashed line), and from the ten datasets generated by 

clustered permutation of sampling dates.  

 

Supplementary Fig. S1 Histogram of the whole genome sequences patristic distance 

frequency distribution. The vertical red dashed line corresponds to the 17th percentile 

distance threshold (0.0024 expected nucleotide substitutions per site) for which 

phylogenomic clusters were identified. The distances were measured in units of nucleotide 

substitutions per site and extracted from a maximum likelihood phylogeny (1000 bootstrap 

resampling). 

 

Supplementary Fig. S2 A histogram of the correlation coefficient (r) values of the clustered 

date-permuted data. The vertical red line represents the r value of the true date ordering. 
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Supplementary Fig. S3 Amino acid differences between viruses in the G gene. The tick 

marks (vertical colored bars) in the figure highlight amino acid differences from majority 

rule consensus.  
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Tables 

Table 1 Results of Bayesian analysis of phylogeographic structure of RSVB viruses in Kilifi, 

coastal Kenya, 2015-2017. P values correspond to the proportion of trees from the expected 

(null) distribution equal to, or more extreme than, the median posterior of the statistic. 

Abbreviations: CHA = Chasimba, JAR = Jaribuni, JUN = Junju, MAV = Mavueni, MAT = 

Matsangoni, PIN = Pingilikani, NGE = Ngerenya, SOK = Sokoke, MTO = Mtondia.  

 Association Index (AI) 

(95% CI) † 

Parsimony Score (PS) 

(95% CI) † 

Maximum Clade size 

(95% CI) ‡ 

Location Observed Expected P 

value 

Observed Expected P 

value 

Observed Expected P 

value 

Difference 

§ 

ALL 14.8 (13.8-

15.8) 

31 (29.5-

32.3) 

<0.001 132.6 

(129-136) 

208.4 (202-

214.2) 

<0.001 - - - - 

CHA - - - - - - 4.6 (4-6) 1.84 (1.1-

2.7) 

10E-4 2.62 

JAR - - - - - - 5.27 (5-6) 1.56 (1-

2.08) 

10E-4 3.71 

JUN - - - - - - 6 (6-6) 1.55 (1-

2.03) 

10E-4 4.45 

MAT - - - - - - 6.32 (4-

10) 

1.71 (1-2.2) 10E-4 4.61 

MAV - - - - - - 11 (11-11) 2.3 (1.76-3) 10E-4 8.7 

MTO - - - - - - 2 (2-2) 1.7 (1-2.3) 0.21 0.3 

NGE - - - - - - 3.65 (2-4) 1.64 (1-2.2) 10E-4 2.01 

PIN - - - - - - 3.1 (3-4) 1.73 (1-2.2) 0.0084 1.37 

SOK - - - - - - 4 (3-5) 1.8 (1.1-

2.3) 

10E-4 2.2 

†AI and PS metrics were determined for all locations combined. 
‡ Maximum clade size was determined for each specific location. 
§ Difference between observed and expected (null) clade size. 

Table 2 The predicted nature of selection pressures acting on each genomic region: 1st 

column shows the computed mean dN/dS rate ratio using SLAC and the 2nd column shows 
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amino-acid sites in F and G gene under episodic selection as identified by MEME analyses. 

Sites also detected using the FUBAR method, in addition to MEME, are underlined. 

Non-synonymous (dN)/synonymous 

(dS) substitution rate ratio per site  

Sites subject to episodic 

positive/diversifying selection  

NS1 

NS2 

N 

M 

P 

F 

G 

SH 

M2-1 

M2-2 

L 

0.12 

0.236 

0.0832 

0.0525 

0.0642 

0.179 

0.487 

0.426 

0.264 

0.267 

0.122 

G gene 

135, 144, 154, 172, 208, 217, 

285, 291, 294, 298, 303 

252* 

 

F gene 

125, 172, 173 

* This site was detected by the FUBAR method only.  

 
 

 

 
 

 
  

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



References 
Agoti, C. N., et al. (2015a), 'Successive Respiratory Syncytial Virus Epidemics in Local 

Populations Arise from Multiple Variant Introductions, Providing Insights into Virus 
Persistence', J Virol, 89 (22), 11630-42. 

Agoti, C. N., et al. (2015b), 'Local evolutionary patterns of human respiratory syncytial virus 
derived from whole-genome sequencing', J Virol, 89 (7), 3444-54. 

Agoti, C. N., et al. (2019), 'Genomic analysis of respiratory syncytial virus infections in 
households and utility in inferring who infects the infant', Sci Rep, 9 (1), 10076. 

Agoti, C. N., et al. (2017), 'Transmission patterns and evolution of respiratory syncytial virus 
in a community outbreak identified by genomic analysis', Virus Evol, 3 (1), vex006. 

Bin, Lu, et al. (2019), 'Emergence of new antigenic epitopes in the glycoproteins of human 
respiratory syncytial virus collected from a US surveillance study, 2015-17', Sci Rep, 9 
(1), 3898. 

Bose, M. E., et al. (2015), 'Sequencing and analysis of globally obtained human respiratory 
syncytial virus A and B genomes', PLoS One, 10 (3), e0120098. 

Domachowske, J. B., et al. (2018), 'Safety, Tolerability and Pharmacokinetics of MEDI8897, 
an Extended Half-life Single-dose Respiratory Syncytial Virus Prefusion F-targeting 
Monoclonal Antibody Administered as a Single Dose to Healthy Preterm Infants', 
Pediatr Infect Dis J, 37 (9), 886-92. 

Dowell, S. F., et al. (1996), 'Respiratory syncytial virus is an important cause of community-
acquired lower respiratory infection among hospitalized adults', J Infect Dis, 174 (3), 
456-62. 

Drummond, A., Pybus, O. G., and Rambaut, A. (2003), 'Inference of viral evolutionary rates 
from molecular sequences', Adv Parasitol, 54, 331-58. 

Drummond, A. J., et al. (2006), 'Relaxed phylogenetics and dating with confidence', PLoS 
Biol, 4 (5), e88. 

Duchene, D., Duchene, S., and Ho, S. Y. (2015a), 'Tree imbalance causes a bias in 
phylogenetic estimation of evolutionary timescales using heterochronous 
sequences', Mol Ecol Resour, 15 (4), 785-94. 

Duchene, S., et al. (2015b), 'The Performance of the Date-Randomization Test in 
Phylogenetic Analyses of Time-Structured Virus Data', Mol Biol Evol, 32 (7), 1895-
906. 

Dudas, G., et al. (2017), 'Virus genomes reveal factors that spread and sustained the Ebola 
epidemic', Nature, 544 (7650), 309-15. 

Faria, N. R., et al. (2013), 'Simultaneously reconstructing viral cross-species transmission 
history and identifying the underlying constraints', Philos Trans R Soc Lond B Biol Sci, 
368 (1614), 20120196. 

Faria, N. R., et al. (2017), 'Establishment and cryptic transmission of Zika virus in Brazil and 
the Americas', Nature, 546 (7658), 406-10. 

Firth, C., et al. (2010), 'Using time-structured data to estimate evolutionary rates of double-
stranded DNA viruses', Mol Biol Evol, 27 (9), 2038-51. 

Gerretsen, H. E. and Sande, C. J. (2017), 'Development of respiratory syncytial virus (RSV) 
vaccines for infants', J Infect, 74 Suppl 1, S143-s46. 

Hammitt, L. L., et al. (2011), 'Added value of an oropharyngeal swab in detection of viruses 
in children hospitalized with lower respiratory tract infection', J Clin Microbiol, 49 (6), 
2318-20. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



Kamau, E., et al. (2017), 'Recent sequence variation in probe binding site affected detection 
of respiratory syncytial virus group B by real-time RT-PCR', J Clin Virol, 88, 21-25. 

Katoh, Kazutaka and Standley, Daron M. (2013), 'MAFFT Multiple Sequence Alignment 
Software Version 7: Improvements in Performance and Usability', Molecular Biology 
and Evolution, 30 (4), 772-80. 

Kosakovsky Pond, S. L. and Frost, S. D. (2005), 'Not so different after all: a comparison of 
methods for detecting amino acid sites under selection', Mol Biol Evol, 22 (5), 1208-
22. 

Laenen, L., et al. (2019), 'Identifying the patterns and drivers of Puumala hantavirus enzootic 
dynamics using reservoir sampling', Virus Evol, 5 (1), vez009. 

Lemey, P., et al. (2014), 'Unifying viral genetics and human transportation data to predict 
the global transmission dynamics of human influenza H3N2', PLoS Pathog, 10 (2), 
e1003932. 

Liu, H., et al. (2020), 'Characterization of human respiratory syncytial virus (RSV) isolated 
from HIV-exposed-uninfected and HIV-unexposed infants in South Africa during 
2015-2017', Influenza Other Respir Viruses. 

Melero, J. A., et al. (1997), 'Antigenic structure, evolution and immunobiology of human 
respiratory syncytial virus attachment (G) protein', J Gen Virol, 78 ( Pt 10), 2411-8. 

Murray, G. G., et al. (2016), 'The effect of genetic structure on molecular dating and tests for 
temporal signal', Methods Ecol Evol, 7 (1), 80-89. 

Neuzil, Kathleen M. (2016), 'Progress toward a Respiratory Syncytial Virus Vaccine', Clinical 
and Vaccine Immunology, 23 (3), 186-88. 

Nguyen, L. T., et al. (2015), 'IQ-TREE: a fast and effective stochastic algorithm for estimating 
maximum-likelihood phylogenies', Mol Biol Evol, 32 (1), 268-74. 

Nokes, D. J., et al. (2009), 'Incidence and severity of respiratory syncytial virus pneumonia in 
rural Kenyan children identified through hospital surveillance', Clin Infect Dis, 49 (9), 
1341-9. 

Nyiro, J. U., et al. (2018), 'Surveillance of respiratory viruses in the outpatient setting in rural 
coastal Kenya: baseline epidemiological observations', Wellcome Open Res, 3, 89. 

Otieno, J. R., et al. (2016), 'Molecular Evolutionary Dynamics of Respiratory Syncytial Virus 
Group A in Recurrent Epidemics in Coastal Kenya', J Virol, 90 (10), 4990-5002. 

Otieno, J. R., et al. (2018), 'Erratum: Whole genome analysis of local Kenyan and global 
sequences unravels the epidemiological and molecular evolutionary dynamics of RSV 
genotype ON1 strains', Virus Evol, 4 (2), vey036. 

Parker, J., Rambaut, A., and Pybus, O. G. (2008), 'Correlating viral phenotypes with 
phylogeny: accounting for phylogenetic uncertainty', Infect Genet Evol, 8 (3), 239-46. 

Pneumonia Etiology Research for Child Health Study, Group (2019), 'Causes of severe 
pneumonia requiring hospital admission in children without HIV infection from Africa 
and Asia: the PERCH multi-country case-control study', Lancet, 394 (10200), 757-79. 

Rambaut, A., et al. (2016), 'Exploring the temporal structure of heterochronous sequences 
using TempEst (formerly Path-O-Gen)', Virus Evol, 2 (1), vew007. 

Rieux, A. and Balloux, F. (2016), 'Inferences from tip-calibrated phylogenies: a review and a 
practical guide', Mol Ecol, 25 (9), 1911-24. 

Scheltema, N. M., et al. (2017), 'Global respiratory syncytial virus-associated mortality in 
young children (RSV GOLD): a retrospective case series', Lancet Glob Health, 5 (10), 
e984-e91. 

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



Scott, J. Anthony G., et al. (2012), 'Profile: The Kilifi Health and Demographic Surveillance 
System (KHDSS)', International Journal of Epidemiology, 41 (3), 650-57. 

Shapiro, B., Rambaut, A., and Drummond, A. J. (2006), 'Choosing appropriate substitution 
models for the phylogenetic analysis of protein-coding sequences', Mol Biol Evol, 23 
(1), 7-9. 

Sironi, M., et al. (2020), 'SARS-CoV-2 and COVID-19: A genetic, epidemiological, and 
evolutionary perspective', Infect Genet Evol, 84, 104384. 

Smith, D. J., et al. (2004), 'Mapping the antigenic and genetic evolution of influenza virus', 
Science, 305 (5682), 371-6. 

Suchard, Marc A., et al. (2018), 'Bayesian phylogenetic and phylodynamic data integration 
using BEAST 1.10', Virus Evolution, 4 (1). 

Sullender, W. M. (2000), 'Respiratory syncytial virus genetic and antigenic diversity', Clin 
Microbiol Rev, 13 (1), 1-15, table of contents. 

Trovao, N. S., et al. (2019), 'Molecular characterization of respiratory syncytial viruses 
circulating in a paediatric cohort in Amman, Jordan', Microb Genom. 

Vrancken, B., et al. (2020), 'Accounting for population structure reveals ambiguity in the 
Zaire Ebolavirus reservoir dynamics', PLoS Negl Trop Dis, 14 (3), e0008117. 

Weaver, S., et al. (2018), 'Datamonkey 2.0: A Modern Web Application for Characterizing 
Selective and Other Evolutionary Processes', Mol Biol Evol, 35 (3), 773-77. 

Zehender, G., et al. (2017), 'Reconstructing the recent West Nile virus lineage 2 epidemic in 
Europe and Italy using discrete and continuous phylogeography', PLoS One, 12 (7), 
e0179679. 

Zhu, Q., et al. (2018), 'Prevalence and Significance of Substitutions in the Fusion Protein of 
Respiratory Syncytial Virus Resulting in Neutralization Escape From Antibody 
MEDI8897', J Infect Dis, 218 (4), 572-80. 

Zhu, Q., et al. (2017), 'A highly potent extended half-life antibody as a potential RSV vaccine 
surrogate for all infants', Sci Transl Med, 9 (388). 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



Cha

PIN

JUN

JAR

SOK

MTO

MAT

Ethical considerations
All individuals, parents and guardians gave written informed 
consent for themselves or their children to participate in this 
study. The study was approved by the KEMRI-Scientific and 
Ethical Review Unit (SERU# 3103) and the University of  
Warwick Biomedical and Scientific Research Ethics Committee  
(BSREC# REGO-2015-6102).

Laboratory procedures
NPS collections received at KWTRP virology laboratory were 
stored in 2-ml vials at −80°C until use. Using previously described 
methods17–19, RNA was extracted from the respiratory specimens 
by Qiacube HT using an RNeasy extraction kit (Qiagen,  
Germany) and screened for RSV (A and B), rhinovirus (HRV), 
human coronaviruses (OC43, NL63, E229), influenza viruses 
(FLU-A, B, and C), parainfluenza viruses (PIV 1-4), adenovirus 
(ADV) and human metapneumovirus (HMPV), using a multiplex 

real-time PCR assay system. Samples with cycle threshold 
(Ct) of <35.0 were defined as positive for the target virus. Residual 
NPS samples were stored at −80°C.

Statistical analysis
Statistical analysis was conducted using STATA version 13.1 
(College Station, Texas). Summary statistics were produced  
for the data to give the proportions of virus positives by age 
and by location. Comparative data was obtained from the  
paediatric ward of KCH for patients aged <5 years admitted  
with acute LRTI from a contemporaneous respiratory virus  
surveillance20–23. Chi-squared and Fisher’s exact tests were used to test  
associations of virus occurrence with age, calendar month,  
facility, setting (outpatient or inpatient) and other demographic  
characteristics. Frequency distribution graphs were generated 
for all virus targets. Graphs for temporal patterns for each virus  
were generated.

Figure 1. A map of the Kilifi Health and Demographic Surveillance System (HDSS) area, coastal Kenya, expanded from a map of 
Kenya, showing population density (person per Km2) and the health facilities where the study was conducted in 2016. The red circles 
show the nine participating health facilities while the green markers show the other public health facilities within the KHDSS area.

Page 4 of 19

Wellcome Open Research 2018, 3:89 Last updated: 06 AUG 2018

Indian 
Ocean

Matsangoni

Ngerenya

Mtondia

Sokoke

Mavueni

Jaribuni

Chasimba

Pingilikani

Junju

Ethical considerations
All individuals, parents and guardians gave written informed 
consent for themselves or their children to participate in this 
study. The study was approved by the KEMRI-Scientific and 
Ethical Review Unit (SERU# 3103) and the University of  
Warwick Biomedical and Scientific Research Ethics Committee  
(BSREC# REGO-2015-6102).

Laboratory procedures
NPS collections received at KWTRP virology laboratory were 
stored in 2-ml vials at −80°C until use. Using previously described 
methods17–19, RNA was extracted from the respiratory specimens 
by Qiacube HT using an RNeasy extraction kit (Qiagen,  
Germany) and screened for RSV (A and B), rhinovirus (HRV), 
human coronaviruses (OC43, NL63, E229), influenza viruses 
(FLU-A, B, and C), parainfluenza viruses (PIV 1-4), adenovirus 
(ADV) and human metapneumovirus (HMPV), using a multiplex 

real-time PCR assay system. Samples with cycle threshold 
(Ct) of <35.0 were defined as positive for the target virus. Residual 
NPS samples were stored at −80°C.

Statistical analysis
Statistical analysis was conducted using STATA version 13.1 
(College Station, Texas). Summary statistics were produced  
for the data to give the proportions of virus positives by age 
and by location. Comparative data was obtained from the  
paediatric ward of KCH for patients aged <5 years admitted  
with acute LRTI from a contemporaneous respiratory virus  
surveillance20–23. Chi-squared and Fisher’s exact tests were used to test  
associations of virus occurrence with age, calendar month,  
facility, setting (outpatient or inpatient) and other demographic  
characteristics. Frequency distribution graphs were generated 
for all virus targets. Graphs for temporal patterns for each virus  
were generated.

Figure 1. A map of the Kilifi Health and Demographic Surveillance System (HDSS) area, coastal Kenya, expanded from a map of 
Kenya, showing population density (person per Km2) and the health facilities where the study was conducted in 2016. The red circles 
show the nine participating health facilities while the green markers show the other public health facilities within the KHDSS area.

Page 4 of 19

Wellcome Open Research 2018, 3:89 Last updated: 06 AUG 2018

KCH

●

●

●

●

●

● ● ● ● ● ● ● ●

●

●

●

●

●

●

Month−Year

R
SV

−B
 c

as
es

0
2

4
6

8
10

12

Dec−15 Mar−16 Jun−16 Sep−16 Dec−16 Mar−17 Jun−17

Chasimba

● ●

●

●

●

● ● ● ● ● ●

●

●

●

●

●

●

●

●

Month−Year

RS
V−

B 
ca

se
s

0
2

4
6

8
10

12
14

16
18

Dec−15 Feb−16 Apr−16 Jun−16 Aug−16 Oct−16 Dec−16 Feb−17 Apr−17 Jun−17

Jaribuni

●

●

●

●

●

● ● ● ● ● ● ● ●

●

●

●

●

●

●

Month−Year

R
SV

−B
 c

as
es

0
1

2
3

4
5

6
7

Dec−15 Mar−16 Jun−16 Sep−16 Dec−16 Mar−17 Jun−17

Junju

●

●

●

●

●

●

●

● ● ● ● ● ● ●

●

●

●

●

●

Month−Year

RS
V−

B 
ca

se
s

0
2

4
6

8
10

12
14

16
18

Dec−15 Feb−16 Apr−16 Jun−16 Aug−16 Oct−16 Dec−16 Feb−17 Apr−17 Jun−17

Matsangoni

● ●

●

●

●

●

● ● ● ● ● ● ●

●

●

●

●

●

●

Month−Year

RS
V−

B 
ca

se
s

0
1

2
3

4
5

6
7

8
9

11
13

15

Dec−15 Feb−16 Apr−16 Jun−16 Aug−16 Oct−16 Dec−16 Feb−17 Apr−17 Jun−17

Mavueni

●

●

●

●

● ● ●

● ● ● ● ● ●

● ●

●

●

●

●

Month−Year

R
SV

−B
 c

as
es

0
1

2
3

4
5

6
7

8
9

11

Dec−15 Mar−16 Jun−16 Sep−16 Dec−16 Mar−17 Jun−17

Ngerenya

●

●

●

●

●

● ● ●

●

● ● ● ●

●

●

●

●

● ●

Month−Year

R
SV

−B
 c

as
es

0
1

2
3

4
5

6
7

8
9

Dec−15 Mar−16 Jun−16 Sep−16 Dec−16 Mar−17 Jun−17

Pingilikani

●

● ●

●

● ●

● ● ● ● ●

●

●

●

●

●

●

●

●

Month−Year

R
SV

−B
 c

as
es

0
1

2
3

4
5

6
7

8
9

11

Dec−15 Mar−16 Jun−16 Sep−16 Dec−16 Mar−17 Jun−17

Mtondia

●

●

●

●

●

● ● ● ●

●

● ● ●

●

●

●

●

●

●

Month−Year

R
SV

−B
 c

as
es

0
1

2
3

4
5

6
7

8
9

11

Dec−15 Mar−16 Jun−16 Sep−16 Dec−16 Mar−17 Jun−17

Sokoke

RS
VB

 c
as

es

BA

Indian 
Ocean

KCH

MAV

NGE

Mombasa-
Malindi road

Malindi

Mombasa

Population Density

2200-6000
800-2200

500-800
250-500
0-250

Page 27 of 36

https://mc.manuscriptcentral.com/vevolu

Manuscripts submitted to Virus Evolution

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



D
ec

−
15

Ja
n−

16

F
eb

−
16

M
ar

−
16

A
pr

−
16

M
ay

−
16

Ju
n−

16

Ju
l−

16

A
ug

−
16

S
ep

−
16

O
ct

−
16

N
ov

−
16

D
ec

−
16

Ja
n−

17

F
eb

−
17

M
ar

−
17

A
pr

−
17

M
ay

−
17

Ju
n−

17

0.0
2.5
5.0
7.5

10.0
12.5

0
5

10
15

0
3
6
9

0
5

10
15

0

5

10

15

0
3
6
9

12

0
3
6
9

12

0
3
6
9

12

0
3
6
9

0
20
40
60
80

0

40

80

120

0
20
40
60

0
30
60
90
120

0
25
50
75
100

0
20
40
60

0
20
40
60

0
20
40
60

0
20
40

60

Month / Year

R
S

V
B

 p
os

iti
ve

 s
am

pl
es

 (
ba

r) S
am

ples tested (line)

CHA JAR JUN MAT MAV MTO NGE PIN SOK

Page 28 of 36

https://mc.manuscriptcentral.com/vevolu

Manuscripts submitted to Virus Evolution

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



0.0

0.1

0.2

0.3

0.4

0.5

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Amino acid position

N
on
−s

yn
on

ym
ou

s 
ch

an
ge

s

NS1
NS2

N P M SH G F M2-1
M2-2

L

Mucin-like domain I CCDTMCT
1 41 67 164 186 319

Mucin-like domain II

1
pep27SP

22 110 136 574
F2 F1

1 945

RdRP

1461 1759 2039 2165

Cap CD MT CTD

G

F

L

10−0.5

100

100.5

101

101.5

2015.0 2015.5 2016.0 2016.5 2017.0 2017.5

Year

R
el

at
ive

 g
en

et
ic

 d
ive

rs
ity

 (l
og

)

A B
Page 29 of 36

https://mc.manuscriptcentral.com/vevolu

Manuscripts submitted to Virus Evolution

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



samplingLocation
chasimba
jaribuni
junju
matsangoni
mavueni
mtondia
ngerenya
pingilikani
sokoke

1.0

Chasimba
Jaribuni
Junju
Matsangoni
Mavueni
Mtondia
Ngerenya
Pingilikani
Sokoke

Study location

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605 606 607 608 609 610 611 612 613 614 615 616 617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640 641 642 643 644 645 646 647 648 649 650 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672 673 674 675 676 677 678 679 680 681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720 721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736 737 738 739 740 741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758 759 760 761 762 763 764 765 766 767 768 769 770 771 772 773 774 775 776 777 778 779 780 781 782 783 784 785 786 787 788 789 790 791 792 793 794 795 796 797 798 799 800 801 802 803 804 805 806 807 808 809 810 811 812 813 814 815 816 817 818 819 820 821 822 823 824 825 826 827 828 829 830 831 832 833 834 835 836 837 838 839 840 841 842 843 844 845 846 847 848 849 850 851 852 853 854 855 856 857 858 859 860 861 862 863 864 865 866 867 868 869 870 871 872 873 874 875 876 877 878 879 880 881 882 883 884 885 886 887 888 889 890 891 892 893 894 895 896 897 898 899 900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924 925 926 927 928 929 930 931 932 933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 948 949 950 951 952 953 954 955 956 957 958 959 960 961 962 963 964 965 966 967 968 969 970 971 972 973 974 975 976 977 978 979 980 981 982 983 984 985 986 987 988 989 990 991 992 993 994 995 996 997 998 999 1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 20172

epidemic

2015-16

2016-17

1.0

2015/16
2016/17

RSV epidemic

2

93 99 99

99

99
96

99

99 99

99

99
99

99

99

99

92
99 99

99 99

99

99

98

99

98

95
99

99

90

99

99

98

98

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 481 482 483 484 485 486 487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516 517 518 519 520 521 522 523 524 525 526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542 543 544 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 577 578 579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596 597 598 599 600 601 602 603 604 605 606 607 608 609 610 611 612 613 614 615 616 617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632 633 634 635 636 637 638 639 640 641 642 643 644 645 646 647 648 649 650 651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668 669 670 671 672 673 674 675 676 677 678 679 680 681 682 683 684 685 686 687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720 721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736 737 738 739 740 741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758 759 760 761 762 763 764 765 766 767 768 769 770 771 772 773 774 775 776 777 778 779 780 781 782 783 784 785 786 787 788 789 790 791 792 793 794 795 796 797 798 799 800 801 802 803 804 805 806 807 808 809 810 811 812 813 814 815 816 817 818 819 820 821 822 823 824 825 826 827 828 829 830 831 832 833 834 835 836 837 838 839 840 841 842 843 844 845 846 847 848 849 850 851 852 853 854 855 856 857 858 859 860 861 862 863 864 865 866 867 868 869 870 871 872 873 874 875 876 877 878 879 880 881 882 883 884 885 886 887 888 889 890 891 892 893 894 895 896 897 898 899 900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924 925 926 927 928 929 930 931 932 933 934 935 936 937 938 939 940 941 942 943 944 945 946 947 948 949 950 951 952 953 954 955 956 957 958 959 960 961 962 963 964 965 966 967 968 969 970 971 972 973 974 975 976 977 978 979 980 981 982 983 984 985 986 987 988 989 990 991 992 993 994 995 996 997 998 999 1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021 1022 1023 1024 1025 1026 1027 1028 1029 1030 1031 1032 1033 1034 1035 1036 1037 1038 1039 1040 1041 1042 1043 1044 1045 1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 1056 1057 1058 1059 1060 1061 1062 1063 1064 1065 1066 1067 1068 1069 1070 1071 1072 1073 1074 1075 1076 1077 1078 1079 1080 1081 1082 1083 1084 1085 1086 1087 1088 1089 1090 1091 1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1118 1119 1120 1121 1122 1123 1124 1125 1126 1127 1128 1129 1130 1131 1132 1133 1134 1135 1136 1137 1138 1139 1140 1141 1142 1143 1144 1145 1146 1147 1148 1149 1150 1151 1152 1153 1154 1155 1156 1157 1158 1159 1160 1161 1162 1163 1164 1165 1166 1167 1168 1169 1170 1171 1172 1173 1174 1175 1176 1177 1178 1179 1180 1181 1182 1183 1184 1185 1186 1187 1188 1189 1190 1191 1192 1193 1194 1195 1196 1197 1198 1199 1200 1201 1202 1203 1204 1205 1206 1207 1208 1209 1210 1211 1212 1213 1214 1215 1216 1217 1218 1219 1220 1221 1222 1223 1224 1225 1226 1227 1228 1229 1230 1231 1232 1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 1243 1244 1245 1246 1247 1248 1249 1250 1251 1252 1253 1254 1255 1256 1257 1258 1259 1260 1261 1262 1263 1264 1265 1266 1267 1268 1269 1270 1271 1272 1273 1274 1275 1276 1277 1278 1279 1280 1281 1282 1283 1284 1285 1286 1287 1288 1289 1290 1291 1292 1293 1294 1295 1296 1297 1298 1299 1300 1301 1302 1303 1304 1305 1306 1307 1308 1309 1310 1311 1312 1313 1314 1315 1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 1328 1329 1330 1331 1332 1333 1334 1335 1336 1337 1338 1339 1340 1341 1342 1343 1344 1345 1346 1347 1348 1349 1350 1351 1352 1353 1354 1355 1356 1357 1358 1359 1360 1361 1362 1363 1364 1365 1366 1367 1368 1369 1370 1371 1372 1373 1374 1375 1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 1392 1393 1394 1395 1396 1397 1398 1399 1400 1401 1402 1403 1404 1405 1406 1407 1408 1409 1410 1411 1412 1413 1414 1415 1416 1417 1418 1419 1420 1421 1422 1423 1424 1425 1426 1427 1428 1429 1430 1431 1432 1433 1434 1435 1436 1437 1438 1439 1440 1441 1442 1443 1444 1445 1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 1456 1457 1458 1459 1460 1461 1462 1463 1464 1465 1466 1467 1468 1469 1470 1471 1472 1473 1474 1475 1476 1477 1478 1479 1480 1481 1482 1483 1484 1485 1486 1487 1488 1489 1490 1491 1492 1493 1494 1495 1496 1497 1498 1499 1500 1501 1502 1503 1504 1505 1506 1507 1508 1509 1510 1511 1512 1513 1514 1515 1516 1517 1518 1519 1520 1521 1522 1523 1524 1525 1526 1527 1528 1529 1530 1531 1532 1533 1534 1535 1536 1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 1547 1548 1549 1550 1551 1552 1553 1554 1555 1556 1557 1558 1559 1560 1561 1562 1563 1564 1565 1566 1567 1568 1569 1570 1571 1572 1573 1574 1575 1576 1577 1578 1579 1580 1581 1582 1583 1584 1585 1586 1587 1588 1589 1590 1591 1592 1593 1594 1595 1596 1597 1598 1599 1600 1601 1602 1603 1604 1605 1606 1607 1608 1609 1610 1611 1612 1613 1614 1615 1616 1617 1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 1630 1631 1632 1633 1634 1635 1636 1637 1638 1639 1640 1641 1642 1643 1644 1645 1646 1647 1648 1649 1650 1651 1652 1653 1654 1655 1656 1657 1658 1659 1660 1661 1662 1663 1664 1665 1666 1667 1668 1669 1670 1671 1672 1673 1674 1675 1676 1677 1678 1679 1680 1681 1682 1683 1684 1685 1686 1687 1688 1689 1690 1691 1692 1693 1694 1695 1696 1697 1698 1699 1700 1701 1702 1703 1704 1705 1706 1707 1708 1709 1710 1711 1712 1713 1714 1715 1716 1717 1718 1719 1720 1721 1722 1723 1724 1725 1726 1727 1728 1729 1730 1731 1732 1733 1734 1735 1736 1737 1738 1739 1740 1741 1742 1743 1744 1745 1746 1747 1748 1749 1750 1751 1752 1753 1754 1755 1756 1757 1758 1759 1760 1761 1762 1763 1764 1765 1766 1767 1768 1769 1770 1771 1772 1773 1774 1775 1776 1777 1778 1779 1780 1781 1782 1783 1784 1785 1786 1787 1788 1789 1790 1791 1792 1793 1794 1795 1796 1797 1798 1799 1800 1801 1802 1803 1804 1805 1806 1807 1808 1809 1810 1811 1812 1813 1814 1815 1816 1817 1818 1819 1820 1821 1822 1823 1824 1825 1826 1827 1828 1829 1830 1831 1832 1833 1834 1835 1836 1837 1838 1839 1840 1841 1842 1843 1844 1845 1846 1847 1848 1849 1850 1851 1852 1853 1854 1855 1856 1857 1858 1859 1860 1861 1862 1863 1864 1865 1866 1867 1868 1869 1870 1871 1872 1873 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 1888 1889 1890 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

BA
I

II

III

IV

V

VI

I

II

III

IV

V

VI

Page 30 of 36

https://mc.manuscriptcentral.com/vevolu

Manuscripts submitted to Virus Evolution

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



A B

6.0e−04

8.0e−04

1.0e−03

1.2e−03

1 2 3 4 5 6 7 8 9 10

Cluster permutations of sampling dates

Su
bs

tit
ut

io
n 

ra
te

Page 31 of 36

https://mc.manuscriptcentral.com/vevolu

Manuscripts submitted to Virus Evolution

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

D
ow

nloaded from
 https://academ

ic.oup.com
/ve/article-abstract/doi/10.1093/ve/veaa050/5871933 by guest on 30 July 2020



Supplementary Table 1

Distribution of RSV positive and negative samples by age, gender, and participating outpatient 
health facilities between December 2015 and June 2017

Characteristic Virus positive 
samples

% Virus negative 
samples

% Total (n) P value

(n=503) 6.19 7624 93.8 8127
Age in years

Mean 9 149.4 144.0
Median (IQR) 20 (8-43) 54(18-194) 49 (17-188)

Sex
Male 231 6.7 3195 93.3 3426 0.078

Female 272 5.8 4428 94.2 4700

Age Category

0–5 mo 85 11.3 665 88.7 750 <0.001

6–11 mo 84 11.0 681 89.0 765

12–23 mo 102 9.1 1021 90.9 1123

24–35 mo 76 9.6 712 90.4 788

3–4 y 64 6.7 898 93.4 962

5–9 y 37 3.4 1046 96.6 1083

10–19 y 21 2.0 1024 98.0 1045

20–49 y 23 2.1 1098 98.0 1121

50–100 y 11 2.3 479 97.8 490

Health Facility

Matsangoni 58 6.1 895 93.9 953 0.003

Ngerenya 58 6.5 840 93.5 898

Sokoke 50 5.7 826 94.3 876

Mtondia 66 6.9 898 93.2 964

Mavueni 79 8.6 838 91.4 917

Jaribuni 43 5.1 803 94.9 846

Chasimba 67 7.5 826 92.5 893

Junju 40 4.3 889 95.7 929

Pingilikani 42 4.9 809 95.1 851
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Supplementary Table 2 
Number of samples, time of divergence and duration of the identified RSVB clades in Kilifi. 
Also shown are amino acid substitutions identified in majority of sequences in the respective 
clades. 95% credible intervals are indicated in the brackets.

Clade No. of 

samples

tMRCA Duration of 

persistence

Amino acid substitutions in genomic regions

I 76 May 2014 173 days N gene (A97V)

G gene (P101S, H267Y, I268T, T290A, P304L)

L gene (S176N, P1708L, Y1980F); 

F gene (I99T, I129T, P104S, I5V); 

NS2 gene (S53N, Q101R); 

II 40 September 

2013

181 days N gene (A97V); 

G gene (N144H, I205T, P214L, V249A, P293L, S305P); 

F gene (M25C); 

L gene (R304Q, T1956I)

III 21 January 2014 211 days NS2 gene (I5T); 

L gene (T1166I, Q2066R); 

G gene (A269V, S270P, E294D);

F gene (K419R)

IV 80 December 

2013

154 days P gene (T60I); 

F gene (V103A, L172Q, S173L, I115T, P125L, T303I, 

I542L);

L gene (T105I, Y141H, Q183N); 

G gene (L315P)

V 5 March 2014 36 days F gene (I16T); 

L gene (T1744A, V1787G)

VI 73 May 2013 172 days G gene (Y90H, L91F, T225N, T273I, A301T); 

F gene (K68Q); 

NS2 gene (K80R); 

L gene (P184S)
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