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Summary
Background Rift Valley fever virus (RVFV) is a mosquito-borne zoonotic pathogen causing outbreaks in humans and 
ruminants across Africa and the Arabian Peninsula. Originally restricted to the Great Rift Valley, RVFV has expanded 
geographically, prompting its classification by WHO as a pathogen of pandemic potential. We investigated the 
evolutionary and spatial dynamics of RVFV across Africa.

Methods We used genomic data generated at the International Livestock Research Institute Nairobi genomic 
laboratory (BioProject PRJNA1106221) and combined with publicly available datasets retrieved from the National 
Center for Biotechnology (NCBI) GenBank nucleotide database. In retrieving RVFV genome sequences from the 
NCBI GenBank, we applied the search terms “Rift Valley fever virus segment L AND 6404[SLEN]”, “Rift Valley fever 
virus segment M AND 3885[SLEN]”, and “Rift Valley fever virus segment S AND 1520:1690[SLEN]” for L (Large), 
M (Medium), and S (Small) segments, respectively. For sequences without additional spatiotemporal information, we 
searched PubMed to extract the associated sequence metadata. We performed molecular clock analysis, phylogenetic 
inference, phylodynamic modelling (continuous phylogeographic reconstruction), and landscape phylogeography on 
the three RVFV genome segments (L, M, and S). We aimed to assess evolutionary rates, dispersal patterns, and 
environmental drivers. Focus was placed on lineage C, the most widely distributed variant.

Findings The global dataset used in this study consisted of large (n=236), medium (n=237), and small (n=247), which 
were further filtered to exclude potential reassortants and vaccine strains. Genome sequences retrieved from NCBI 
GenBank database comprised large (n=180), medium (n=184), and small (n=202). The genome sequences from 
retrospective human and livestock isolates comprised large (n=56), medium (n=53), and small (n=45) collected in 
Burundi (2018), Kenya (2007, 2018, 2019, 2021, and 2022), and Rwanda (2018 and 2022). Our dataset revealed 
that RVFV exhibited low overall genetic diversity. Lineage C, however, showed evidence of active evolution, 
with substitution rates ranging from 3⋅58 × 10 −4 to 9⋅76 × 10 −4 substitutions per site per year. This 
lineage probably originated in Zimbabwe in the mid-1970s and has since expanded across eastern and southern 
Africa. Phylogeographic reconstructions revealed rapid spread, with diffusion coefficients exceeding 50 000 km 2 

per year.

Interpretation Lineage C appears capable of establishing endemic transmission in new regions, with ongoing 
diversification observed during interepidemic periods. These observations reinforce the value of continuous genomic 
surveillance, particularly during cryptic transmission phases when adaptive mutations might emerge. Although 
further evidence is needed, observed trends in climate variability and land-use change point to the potential benefit of 
targeted surveillance in settings that could be at increased risk, including urban centres and wetlands.
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Rockefeller Foundation, and the Africa Centres for Disease Control and Prevention.
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Introduction
Rift Valley fever (RVF) is a mosquito-borne zoonotic disease 
prioritised by WHO and the African Union for research and 
development due to its pandemic potential and significant 
public health impact. 1 The disease is characterised by high 
mortality and abortion rates in domestic ruminants, along 
with substantial morbidity in humans. The causative agent, 
Rift Valley fever virus (RVFV), is a segmented RNA virus

(L, M, and S segments) of the Phlebovirus genus in the 
Phenuiviridae family. 2 Genome reassortment among 
segments has been previously reported. 3

RVFV is recognised as both a zoonotic and biosecurity 
threat. 4 Although there is no licensed human vaccine, a 
promising live-attenuated candidate (hRVFV-4s) is in 
phase 1 clinical trials in Belgium. 5 Available veterinary 
vaccines in Africa remain limited due to safety concerns,
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particularly in pregnant animals, where they have been 
associated with teratogenic outcomes. 6

Since the first detection in Kenya in 1931, at least 
13 countries across Africa and beyond, including 
Saudi Arabia and Yemen, have reported outbreaks. 7 

Recently, RVF activity has also been reported in Burundi and 
Rwanda. 8,9 These outbreaks often coincide with above-
average rainfall, frequently linked to El Niño Southern 
Oscillation events. 10 Transmission during interepidemic 
periods (IEPs) is thought to occur via vertical transmission in 
mosquito eggs deposited in shallow depressions (ie, dam-
bos), which hatch under favourable climatic conditions. 11 

However, the drivers of outbreak onset and viral persistence 
during IEPs remain incompletely understood. This study 
aimed to investigate the evolutionary characteristics, trans-
mission dynamics, and potential environmental and climatic 
factors associated with the spread of RVFV in Africa.

Methods
Study design and samples
In this retrospective genomic epidemiology study, we used 
RVFV genome sequences from humans, livestock, and 
mosquito vectors. We applied targeted viral enrichment 
and whole-genome sequencing to generate genomic data 
from archived samples collected during sporadic RVF 
outbreaks. We analysed RVFV genomic data generated at 
the International Livestock Research Institute Nairobi 
genomic laboratory (BioProject PRJNA1106221) and sup-
plemented it with publicly available sequences from the 
National Center for Biotechnology Information (NCBI) 
GenBank nucleotide database (appendix pp 1–3). In 
retrieving RVFV genome sequences from the NCBI 
GenBank, we applied the search terms “Rift Valley fever 
virus segment L AND 6404[SLEN]”, “Rift Valley fever virus 
segment M AND 3885[SLEN]”, and “Rift Valley fever virus 
segment S AND 1520:1690[SLEN]” for L, M, and 
S segments, respectively. We included sequences with 
valid sampling or collecting dates (dating from 1944 to 
2022). Because reassortment might result in divergent

evolutionary histories for the L, M, and S genome seg-
ments, 3 analyses were performed separately for each seg-
ment. 3 Only sequences with greater than 90% genome 
coverage were retained.

Procedures
Multiple sequence alignments were performed using 
MAFFT (version 7.475), 12 followed by manual inspection 
and primer site trimming using AliView (version 1.28). 13 

Best-fitting nucleotide substitution models were identified 
with jModelTest (version 0.1.7) 14 and used in downstream 
phylogenetic analyses. Maximum likelihood phylogenies 
were reconstructed using IQ-TREE (version 2.0.3) 15 with 
1000 ultrafast bootstrap replicates.
We assessed temporal signal by regressing root-to-tip 
distances against sampling dates using TempEst 
(version 1.5.3). Datasets showing sufficient temporal signal 
were analysed using BEAST (version 1.10.4). 16 Continuous 
phylogeographic reconstructions were performed under a 
relaxed random walk diffusion model with branch-specific 
heterogeneity in diffusion velocity modelled using a Cau-
chy distribution. A GTR + I + G4 substitution model, an 
uncorrelated log-normal relaxed molecular clock, and a 
skygrid coalescent prior were implemented. Markov chain 
Monte Carlo analyses ran for 1⋅5 × 10 9 steps (L), 1⋅2 × 10 9 

steps (M), and 6⋅0 × 10 8 steps (S), sampling every 150 000, 
120 000, and 60 000 steps, respectively. BEAGLE (version 
3.1.2) 17 was used to accelerate likelihood computation. 
Convergence and effective sample sizes (>200) were 
evaluated with Tracer (version 1.7.2). 18 Maximum clade 
credibility trees were summarised using TreeAnnotator. 16 

To visualise and quantify viral dispersal, 300 post-burn-in 
trees were analysed with the R package seraphim, 19 from 
which we estimated weighted diffusion coefficients 20 

and wavefront distances. We assessed the impact of 
environmental factors on lineage diffusion velocity in a 
four-step procedure and tested associations between viral 
lineage dispersal locations and ecological variables 
(appendix pp 19–21).

Research in context

Evidence before this study
We searched PubMed from Jan 1, 1930, to Dec 20, 2023, using the 
terms “Rift Valley fever virus” and “phylogeography”. Of six 
relevant articles, three focused on Rift Valley fever virus (RVFV) 
phylogeography in Africa, the Arabian Peninsula, and Indian 
Ocean islands. These studies used Bayesian phylogeographic 
methods, such as discrete trait analysis, to infer transmission 
routes. However, none investigated the integration of fine-scale 
environmental data with genomic analyses, particularly focusing 
on lineage C—the predominant RVFV lineage in Africa.

Added value of this study
Using a comprehensive dataset, we performed spatiotemporal 
phylodynamic analysis of RVFV across Africa. We identified that

lineage C is evolving at a faster rate than other lineages and is 
diversifying into sublineages. Our analysis traced its origin to 
Zimbabwe in the mid-1970s, followed by regional dissemination, 
including into Kenya.

Implications of all the available evidence
Our findings offer new insights into RVFV lineage C circulation 
across Africa, including Indian Ocean islands (Mayotte and 
Madagascar) and Arabian Peninsula settings. Although earlier 
studies outlined regional virus spread, they lacked integration of 
environmental correlates. Our work demonstrates the utility of 
combining genomic and environmental data in a 
phylogeographic framework to better understand RVFV dispersal 
dynamics and inform surveillance strategies.

See Online for appendix
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Role of the funding source
The funders of this study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the manuscript.

Results
The global RVFV dataset used in the study comprised 236, 237, 
and 247 genome sequences for the L, M, and S segments, 
respectively. These genomes were further categorised per 
segment as large (NCBI n=180, outbreak n=56), medium 
(NCBI n=184, outbreak n=53), and small (NCBI n=202, out-
break n=45; table). Available sequences primarily originated 
from Africa and Saudi Arabia, with the largest contributions 
from South Africa (n=93) and Kenya (n=49; figure 1A).
Genotype assignment 21 indicated that lineage C is the 
most prevalent (n=115; 48⋅52%) RVFV lineage (figure 1B; 
appendix pp 5–17). This lineage is predominantly found 
in eastern Africa, whereas lineage H is more common in 
southern Africa, notably during the 2010–11 outbreak in 
South Africa. Lineage A has been reported in northern 
Africa, particularly during the 1977 outbreak in Egypt. The 
ancestral lineage K was only detected in Uganda and 
Zimbabwe, with recent sequences from Uganda (2018) 
suggesting continued endemicity (figure 1B).
Root-to-tip regression analysis showed a strong temporal 
signal between genetic divergence and sampling dates 
(figure 2A; appendix pp 21–22), supporting the suitability of 
these data for molecular clock-based evolutionary analyses.
Molecular clock analysis estimated the time to the most 
recent common ancestor (tMRCA) of RVFV to be around 
1918 (95% highest posterior density [HPD] 1902–30). The 
estimated tMRCAs for lineages A, C, and H were 1971 
(1968–73), 1970 (1966–75), and 2007 (2006–08), respect-
ively (figure 2B). The evolutionary rate of the complete 
medium segment was 4⋅56 × 10 −4 substitutions per site per 
year (95% HPD 3⋅88 × 10 −4 –5⋅32 × 10 −4 ), consistent with 
rates observed in other RNA viruses.
Skygrid reconstruction revealed a steady increase in the 
effective viral population size between the early 1900s and 
1930s, followed by episodic expansions approximately every 
10–15 years (figure 2C). Phylogenetic analyses showed 
consistent topologies across all three genome segments, 
with most sequences clustering into lineages C and H 
(figure 2D, appendix p 21).
To account for rate variation, separate molecular clock 
analyses were done for each segment. For lineage C, 
tMRCA estimates were 1965 (95% HPD 1952–74) for the 
large segment, 1965 (1949–75) for the medium segment, 
and 1971 (1962–75) for the small non-structural segment 
(figure 3A; appendix pp 23–25). Our analyses suggest that 
lineage C originated in Zimbabwe in 1976 and was later 
introduced independently into Kenya (1983), Madagascar 
(1990s), and the Arabian Peninsula and South Africa 
(2000s; figure 3A, B; appendix pp 23–25).
Phylogenetic clustering based on branching time and 
tMRCA estimates revealed distinct sublineages within lin-
eage C, including C.1, C.2.1, C.1.1, C.1.2, and C.2.2, many

of which emerged during or after the 1997 and 2006–07 
outbreaks in Kenya (figure 2A, B). Lineage C exhibited 
evolutionary rates of 3⋅58 × 10 −4 (95% HPD 
2⋅59 × 10 −4 –4⋅55 × 10 −4 ), 5⋅07 × 10 −4 (3⋅35 × 10 −4 –6⋅57 × 10 −4 ), 
and 9⋅76 × 10 −4 (6⋅91 × 10 −4 –1⋅28 × 10 −3 ) substitutions per 
site per year for the large, medium, and small non-structural 
segments, respectively (figure 3C).
Phylogeographic reconstruction of RVFV lineage 
C revealed its early spread across several locations in 
Zimbabwe, including Kadoma (formerly Gatooma), Har-
are (formerly Salisbury), and Chinhoyi (formerly Sinoia), 
with the most probable origin dating to 1965 (95% HPD 
1949–75; figure 4A; appendix pp 26–27). The virus 
subsequently dispersed to Ruiru, a town in central Kenya, 
in around 1983 (1955–77). A separate introduction 
from Zimbabwe into Madagascar was inferred in

Large-segment
genome
sequences
(n=236)

Medium-segment
genome
sequences
(n=237)

Small-segment
genome
sequences
(n=247)

Year of 
collection 

2010 (1944–2022) 2010 (1944–2022) 2010 (1944–2022)

Host

Humans 128 (54%) 129 (54%) 126 (51%)

Bat 1 (<1%) 2 (1%) 1 (<1%)

Buffalo 5 (2%) 4 (2%) 6 (2%)

Camel ⋅⋅ ⋅⋅ 1 (<1%)

Cow 74 (31%) 73 (31%) 75 (30%)

Goat 2 (1%) 2 (1%) ⋅⋅
Mosquito 17 (7%) 20 (8%) 21 (9%)

Sheep 9 (4%) 7 (3%) 16 (6%)

Springbok ⋅⋅ ⋅⋅ 1 (<1%)
Lineage

A 9 (4%) 10 (4%) 11 (4%)

B 1 (<1%) 1 (<1%) 1 (<1%)

C 114 (48%) 115 (49%) 141 (57%)

D 1 (<1%) 1 (<1%) 1 (<1%)

E 5 (2%) 2 (1%) 2 (1%)

F 1 (<1%) 1 (<1%) 1 (<1%)

G 2 (1%) 6 (3%) 5 (2%)

H 82 (35%) 81 (34%) 59 (24%)

I 2 (1%) 2 (1%) 2 (1%)

J 1 (<1%) 1 (<1%) 1 (<1%)

K 6 (3%) 3 (1%) 6 (2%)

L 5 (2%) 6 (3%) 7 (3%)

M ⋅⋅ 1 (<1%) 3 (1%)

N 6 (3%) 6 (3%) 5 (2%)

O 1 (<1%) 1 (<1%) 2 (1%)
Source

NCBI 180 (76%) 184 (78%) 202 (82)

ILRI collection 56 (24%) 53 (22%) 45 (18%)

Data are median (IQR) or n (%). NCBI=National Center for Biotechnology Information. 
ILRI=International Livestock Research Institute.

Table: Distribution of Rift Valley fever virus genomic sequences, viral 
lineages, and data sources included in the analysis

Articles

www.thelancet.com/microbe Vol 7 March 2026 3

www.thelancet.com/microbe


1991 (1986–91), possibly coinciding with an unobserved 
introduction into South Africa during this period. The 
earliest evidence of lineage C circulation in South Africa 
dates to approximately 1999.
Another notable dissemination event was the introduc-
tion of lineage C into the Arabian Peninsula in the early 
2000s (95% HPD 1998–2001), following the major eastern 
African outbreak in 1997. From the mid-2000s, lineage 
C persisted in Kenya and spread into neighbouring eastern 
African countries, including Tanzania (2007, 2004–07) and 
Sudan (2010, 2008–10). Additional evidence supports a 
transmission event from Madagascar to Mayotte in 2007 
(2005–07).
Lineage C also appeared in Uganda in 2015 (95% HPD 
2010–15), potentially introduced via Sudan, where out-
breaks were documented in 2007. Recent outbreaks in 
Rwanda (Rulindo and Ngoma) in 2018 (2017–18) were 
likely seeded by viral migration from Kenya via Uganda. 
Our data further suggest that Rwanda might have subse-
quently served as a source for viral export to Uganda 
(2017, 2015–20) and Burundi (2022, 2020–22).
Taken together, our analysis identifies Zimbabwe as the 
likely origin of lineage C, with Kenya playing a major role in 
subsequent eastern African dissemination. South African 
outbreaks appear to result from distinct introduction events 
originating independently from both Zimbabwe and Kenya 
(figure 4A; appendix pp 26–27).

To quantify the spatial dynamics of viral spread, dispersal 
statistics were estimated, including the weighted diffusion 
coefficient (WDC) and the evolution of maximal wavefront 
distance. WDC, being less sensitive to sampling bias than 
velocity-based metrics, was used as the primary measure of 
lineage movement. 20 Lineage C has spread over a geographical 
range exceeding 6000 km (95% HPD 0–7621) from its epi-
demic origin (figure 4B; appendix pp 26–27). The highest 
diffusion rate was observed in the small non-structural seg-
ment (83 049 km 2 /year, 95% HPD 58 697–109 040), com-
pared with the medium (53 988 km 2 /year, 34 621–74 221) and 
large (56 315 km 2 /year, 39 972–72 781) segments.
The wavefront analysis revealed a stepwise expansion 
pattern, with gradual increases in dispersal distance 
followed by plateau phases. Notable surges in wavefront 
distance occurred around 1975, 1991, 1997, and 
2007—timepoints that correspond closely with known 
outbreak events in Zimbabwe, Madagascar, and eastern 
Africa (1997–98 and 2006–07).
Estimates of the effective viral population size showed con-
sistent demographic trends across all three genomic segments 
(figure 4C; appendix pp 26–27). After a decline in the 1980s, 
the effective population size increased during the 1990s, 
peaking in 1997–98. A decline followed in the early 2000s, with 
another peak observed during the 2006–07 outbreaks. Since 
then, a gradual decrease in effective population size has been 
evident up to 2018.

A B
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Figure 1: Distribution of RVFV genomic sequences
Genomic sequence data for the medium segment retrieved from NCBI GenBank database and classified at the lineage level. (A) The distribution of genomic sequences consisting of public (NCBI as of Dec 20, 
2023) and locally generated consensus genomes of RVFV. (B) Scatterpie plot depicting occurrence of RVFV lineages per country. The radii of the circles correspond to the number of isolates (log-
transformed) identified in each country. RVFV=Rift Valley fever virus. NCBI=National Center for Biotechnology Information.
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We investigated whether the locations of RVFV lineage 
dispersal events, defined as phylogenetically inferred 
movements between geographical locations, were asso-
ciated with specific environmental conditions. When con-
sidering only results consistently supported across all 
three genomic segments, sampled viral lineages were more 
likely to circulate in cropland and urban landscapes char-
acterised by relatively higher human population densities 
(appendix p 28). However, as more than half of the tree node 
positions analysed for environmental associations corre-
sponded to actual sampling locations, these findings are 
inherently sensitive to sampling effort and spatial biases. As 
such, they should be interpreted as descriptive of the envir-
onmental conditions associated with sampled viral lineages, 
rather than definitive drivers of viral movement.
We also examined the association between environmen-
tal factors and the diffusion velocity of RVFV lineages using

continuous phylogeographic reconstructions. Only one 
strong and consistent association was observed: primary 
non-forest areas appeared to act as a resistance factor to viral 
dispersal in the analysis of the small (non-structural) gen-
omic segment. Notably, this association was not observed 
in the analyses of the large and medium genomic seg-
ments, which did not support primary non-forest areas as 
impediments to viral diffusion. These inconsistencies 
across genomic segments suggest limited or context-
dependent influence of environmental barriers on RVFV 
lineage spread (appendix pp 30–33).

Discussion
In this study, we applied genomic sequencing and phylo-
dynamic approaches to investigate the evolutionary and 
dispersal dynamics of RVFV across Africa. Although earlier 
studies assessed the geographical spread of RVFV, 22,23 a
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Figure 2: Phylogenetic analysis of RVFV genomic sequences
Genomic sequence data assigned to RVFV lineages and time-scaled phylogenetic tree inference. Maximum likelihood phylogenetic trees were constructed from the complete medium segment glycoprotein 
sequences (n=237) using GTR + I + G4 as the substitution model with 1000 replicates as bootstrapping procedure. (A) The temporal signal of the medium-segment genetic sequences assessed by regression 
of the root-to-tip genetic distance and time (years). (B) Estimation of the time of the most recent ancestors for lineages A, C, and H. (C) Population dynamics of RVFV under a skygrid coalescent model 
representing the estimated viral effective population sizes over the past 100 years. (D) MCC tree retrieved from the Bayesian phylogenetic inference based on all the genetic sequences, here highlighting the 
clustering of the different lineages of the virus and associated SNP for each lineage on the right panel. Each tip on the tree represents a virus sample and is coloured according to the assigned lineage. 
RVFV=Rift Valley fever virus. M=medium. SNP=single nucleotide polymorphism. MCC=maximum clade credibility. tMRCA=time to the most recent common ancestor.
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comprehensive analysis integrating georeferenced gen-
omic data with environmental factors was lacking. Our 
findings highlight the continued circulation and geo-
graphical expansion of lineage C, a key driver of cryptic 
transmission in the region.
Although clinical surveillance reports are abundant, 
RVFV genomic data remain sparse. By generating new 
sequence data and contextualising them within the broader 
genomic landscape, we revealed extensive viral circulation 
across Africa. Our phylogenetic analyses confirmed lineage-
specific geographical clustering—lineage A predominates 
in northern Africa, lineage C in eastern Africa, and lineage 
H in southern Africa, with occasional detection in west 
Africa. Notably, the presence of lineages in previously RVF-
free areas suggests that the virus can establish itself in new 
territories under favourable conditions.
Molecular clock analyses estimated the tMRCA of RVFV 
around 1918 (95% HPD 1902–30), consistent with earlier

studies. This period coincides with European colonial 
expansion and livestock introduction to African highlands, 
potentially contributing to RVFV emergence. 24 The virus 
exhibits a low evolutionary rate (4⋅56 × 10 −4 substitutions 
per site per year), probably due to constraints imposed by its 
dual-host (vector and mammal) lifecycle—supporting the 
double filter hypothesis. 25 Nevertheless, the detection of 
distinct sublineages within lineage C suggests that adaptive 
evolutionary processes might still be at play.
Our analysis showed that genes involved in replication 
(RdRp), envelope formation (Gn/Gc), and immune evasion 
(NSs) have elevated substitution rates, potentially driving 
phenotypic diversification. Sublineages C.1.1 and C.1.2 
(linked to the 1997–98 Kenya outbreak), and C.2.1 and C.2.2 
(linked to the 2006–07 outbreak), point to ongoing 
evolution within lineage C. These patterns hypothesise 
that mutation accumulation during IEPs might 
contribute to cryptic transmission. Targeted genomic and
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(Zimbabwe) to 2022 (Rwanda and Burundi). (C) Posterior distribution of the estimated evolutionary substitution rates for lineage C. RVFV=Rift Valley fever virus. MCC=maximum clade credibility. 
HPD=highest posterior density. SNP=single nucleotide polymorphism.

Articles

6 www.thelancet.com/microbe Vol 7 March 2026

www.thelancet.com/microbe


serological surveillance in livestock and wildlife is 
essential for early detection during these silent transmission 
cycles.
Our continuous phylogeographic analyses suggest that 
lineage C likely emerged in Zimbabwe (1949–75), followed 
by spread to Kenya, and subsequently to neighbouring 
countries. The virus has since expanded into the Arabian 
Peninsula, Mayotte, and Madagascar, underscoring its 
capacity to cross ecological and geopolitical barriers. 22,23 

Dispersal patterns are characterised by 10–15-year inter-
vals, coinciding with outbreak events and marked increases 
in wavefront distance, effective population size, and 
diffusion coefficients.
Demographic modelling indicated large virus population 
sizes during major outbreaks, which probably facilitated 
adaptation through natural selection. 25 Population bottle-
necks during periods of reduced transmission, possibly 
influenced by vaccination campaigns in the 1980s and 
2016–17, might have temporarily limited viral evolution. 26

Lineage C shows high spatial diffusivity (>50 000 km 2 /year), 
similar to other vector-borne viruses, such as West Nile 
virus and lumpy skin disease virus. 20 International livestock 
trade, transboundary animal movement, and nomadic pas-
toralism probably play crucial roles in the virus’s spread across 
the Horn of Africa. 27

Landscape phylogeographic analyses suggested prefer-
ential viral circulation in croplands and urban areas with 
higher population density, although these findings might 
reflect sampling bias. Primary non-forested areas might 
act as barriers to viral diffusion, but this effect was only 
consistently observed for one genomic segment.
There are limitations to be considered in interpreting the 
current results. This study is limited by the paucity of RVFV 
genomic data, particularly from regions outside Africa and 
the Arabian Peninsula, which hinders a full understanding 
of its global spread. Sampling efforts were concentrated in 
areas with higher population densities, introducing 
potential bias in the analysis of viral distribution. The
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Figure 4: Spatiotemporal dispersal dynamics of RVFV lineage C in Africa inferred using medium segment sequences
(A) Dispersal history of RVFV lineage C summarised by a MCC tree retrieved and annotated from 1000 posterior trees sampled from the posterior distribution of a continuous phylogeographic analysis. 
Nodes of the trees are coloured according to the time of occurrence, and oldest nodes are plotted on top of youngest ones. Internal nodes are shown by circles, while tip nodes are square. (B) RVFV lineage 
C dispersal statistics showing the evolution of the maximal wavefront distance from the epidemic origin (median 447 km, 95% HPD 0–7621). (C) The effective virus population size (log-transformed) 
estimated over the past 50 years (median 7, 95% HPD 1–91). The shaded areas correspond to the 95% HPD intervals in all panels, the solid lines represent the median values of estimates of interest (maximal 
wavefront distance and effective viral population size), and the dashed line in the effective population size indicates the median estimate. RVFV=Rift Valley fever virus. MCC=maximum clade credibility. 
HPD=highest posterior density.
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cryptic transmission during IEPs could lead to undetected 
genetic diversity. Additionally, gaps in genomic data, 
especially from the 1970s to 1980s, might affect the accur-
acy of conclusions about early virus spread. The study also 
relies on model assumptions in molecular clock analyses, 
which might not fully account for all evolutionary variables. 
These limitations highlight the need for broader geo-
graphical coverage, improved surveillance in under-
sampled areas, and more comprehensive environmental 
data to refine our understanding of RVFV evolution and 
dispersal.
Overall, our study provides critical genomic insights into 
the evolution and spread of RVFV, with a focus on lineage 
C. This study shows that this lineage is undergoing ongoing 
evolution, expanding geographically, and diversifying into 
new sublineages. These findings underscore the need for 
routine genomic surveillance, especially during IEPs when 
selection pressures might shape viral fitness. The ability of 
RVFV to emerge in new regions, facilitated by livestock 
movement and changing environments, presents an 
ongoing challenge to public and animal health systems. 
Integrating genomic, spatial, and environmental data can 
inform targeted surveillance and more effective control 
strategies for RVF. A key contribution of this study is the 
demonstration that genomic epidemiology is a powerful 
surveillance tool, capable of revealing transmission 
dynamics and evolutionary patterns that might remain 
undetected using classical epidemiological approaches 
alone.
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