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Abstract: (184 words) 

The emergence and establishment of SARS-CoV-2 variants of concern presented a 

major global public health crisis across the world. There were six waves of SARS-
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CoV-2 cases in Kenya that corresponded with the introduction and eventual 

dominance of the major SARS-COV-2 variants of concern, excepting the first 2 

waves that were both wild-type virus. We estimate that more than 1000 SARS-CoV-2 

introductions occurred in the two-year epidemic period (March 2020 – September 

2022) and a total of 930 introductions were associated with variants of concern 

namely Beta (n=78), Alpha(n=108), Delta(n=239) and Omicron (n=505). A total of 29 

introductions were associated with A.23.1 variant that circulated in high frequencies 

in Uganda and Rwanda. The actual number of introductions is likely to be higher 

than these conservative estimates due to limited genomic sequencing. Our data 

suggested that cryptic transmission was usually underway prior to the first real-time 

identification of a new variant, and that multiple introductions were responsible. 

Following emergence of each VOC and subsequent introduction, transmission 

patterns were associated with hotspots of transmission in Coast, Nairobi and 

Western Kenya and follows established land and air transport corridors. 

Understanding the introduction and dispersal of major circulating variants and 

identifying the sources of new introductions is important to inform public health 

control strategies within Kenya and the larger East-African region. Border control and 

case finding reactive to new variants is unlikely to be a successful control strategy. 
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Main Text:  
The emergence and evolution of SARS-CoV-2 in the last 2 years has resulted in 

extensive global lineage diversity (O’Toole et al., 2021; Rambaut et al., 2020) 

(n>1,700). This diversity is substantially accounted for by variants with capacity for 

increased transmission and immune escape, designated as the variants of concern 

(VOC) by the World Health Organization (WHO) (Konings, Perkins et al. 2021) and 

comprise of Alpha (du Plessis, McCrone et al. 2021), Beta (Tegally, Wilkinson et al. 

2021), Gamma (Faria, Mellan et al. 2021), Delta (Mlcochova, Kemp et al. 2021) and 

Omicron (Viana, Moyo et al. 2022).  VOCs are associated with increased 

transmissibility (Campbell, Archer et al. 2021, Davies, Abbott et al. 2021, Liu, Liu et 

al. 2021) and varying degrees of immune escape (Meng, Kemp et al. 2021, 

Mlcochova, Kemp et al. 2021, Tegally, Wilkinson et al. 2021, Wall, Wu et al. 2021, 

Hu, Peng et al. 2022).  In Kenya, the first confirmed case of SARS-CoV-2 infection 

was reported on 12th March 2020, and we reported the genomic evidence of multiple 

early introductions contributing to the first wave of wild-type infections (Githinji, de 

Laurent et al. 2021). Further introductions occurred in the background of ongoing 

local transmission of SARS-CoV-2 and spread of the wild-type virus to new 

populations within Kenya during the second wave (Agoti, Ochola-Oyier et al. 2022).   

 

Kenya experienced a third wave of infections between January and February 2021, a 

period that coincided with emergence and establishment of Beta and Alpha VOCs in 

multiple parts of the world and in Kenya. Between June and September 2021, an 

additional fourth wave of infections was observed that coincided with the increased 

frequency of the Delta variant and replacement of Alpha and Beta variants. A fifth 

wave started in late November 2021 driven by the introduction of the Omicron 

variant. The introduction of BA.2, BA.4 and BA.5 led to a further increase in 

infections in Kenya and comprised the sixth wave of infection.   

 

To examine the introduction, dispersal, and genomic epidemiology of SARS-CoV-2 

variants of concern in Kenya, we analysed sequenced consensus genomes obtained 

between March 2020 and September 2022. We used these data in conjunction with 

54,980 global sequences sampled from over 150 countries and that were most 

similar to the Kenyan sequences. We used these data to infer the geographical 
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origin of VOC introduction events in Kenya and to estimate the number and arrival 

dates and subsequent dispersal of multiple lineages between counties within Kenya.  

 

Materials and Methods 

 
Ethical Statement  

All the analysed samples were collected under the Ministry of Health (MoH) 

protocols as part of the national response to the COVID-19 pandemic. The whole 

genome sequencing study protocol was reviewed and approved by the Scientific and 

Ethics Review Committee (SERU), Kenya Medical Research Institute (KEMRI), 

Nairobi, Kenya (SERU #4035). Individual patient consent was not required by the 

committee for the use of these samples for genomic surveillance to inform public 

health response. 

 

Study Population  

We analysed samples collected across Kenya by the RRT teams from the MoH or 

those that were collected by private hospitals as part of the government testing and 

diagnostic strategy. For the samples that were tested at KWTRP, NP/OP swabs 

were delivered in cool boxes within 48 houses of collection. Samples from outside of 

the coastal region were only provided for the purpose of whole genome sequencing 

and were selected based on PCR cycle threshold score (<34). All samples were 

collected from individuals based on the MoH testing eligibility criteria and this has 

varied across the two years of the epidemic. An additional set of sequences(n=) 

were downloaded from GISAID.  

 
SARS-CoV-2 diagnostics at KWTRP 

Viral RNA was extracted from the NP/OP samples and presence of SARS-CoV-2 

RNA was confirmed using multiple commercial kits. Cycle threshold cut-offs were as 

described in the respective kit. 

 
ONT SARS-CoV-2 library preparation and sequencing 
Samples were considered for sequencing if they had PCR cycle threshold value less 

than 30. Viral RNA from positive samples was extracted using QIAamp Viral RNA 

Mini kit following the manufacturer’s instructions and reverse transcribed using 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


LunaScript® or Superscript IV RT SuperMix Kit. The cDNA was amplified using Q5® 

Hot Start High-Fidelity 2x Mastermix with ARTIC nCoV-2019 version 3 primers.  The 

PCR products were run on an agarose gel and successive SARS-CoV-2 to select 

successful amplification. Successful amplifications were purified using Agencourt 

AMPure XP beads for library preparation. Sequence libraries were constructed using 

Oxford Nanopore Technology (ONT) ligation sequencing kit and the ONT Native 

Barcoding Expansion pack as described in the ARTIC protocol. In every MinION run 

multiple samples were multiplexed in addition to a no-template control to detect 

cross contamination.  Fast5 files were then base-called using the high accuracy 

mode available in ONT Guppy base-calling toolkit. The consensus sequences 

obtained using an ARTIC bioinformatics pipeline. A minimum threshold of x20 reads 

was required to call a base in the consensus genome else it was masked with an N. 

 

Between December 2020 and May 2022, there were more than three hundred and 

thirty thousand confirmed cases of SARS-CoV-2 in Kenya reported from across 220 

testing centres. A total of 7,266 samples were sequenced at KWTRP and additional 

samples were sequenced at the ILRI (n=2,598), CDC-Kisumu (n=1,123) and the rest 

from other KEMRI centres (n=216) making a total of total 11,203 sequences, and 

which represented 3.4 % of the confirmed cases.  

 

Lineage and clade assignment 

PANGO lineages were assigned to the consensus genomes using the Phylogenetic 

Assignment of named Global Lineages (PANGOLIN toolkit version 4.1.2. The VOC 

assignment were based on Scorpio (version 0.3.17) with Constellations v0.1.10. 

Sequences with low default coverage and that could not be assigned a lineage were 

excluded from analysis. Clade assignment was done using the command line build 

of the NextClade tool (version 1.11.0). 

 

Global SARS-CoV-2 datasets   

A total of 8,585,947 sequences and metadata were downloaded from the GISAID 

(Shu and McCauley 2017) repository as of 19th September 2022. The files were pre-

processed by reformatting the sequence headers and the metadata fields. The data 

was processed as follows.  An established SARS-CoV-2 Augur pipeline was used to 
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process the samples based on sampling from the Kenyan and global sequences as 

summarised in supplementary table 2.  

 

For each of the Kenyan VOC sequences, the corresponding contextual metadata 

was selected. The Delta lineage comprised of 3 major sub-lineages and each of 

these were analyzed separately. The A.23.1 and the VOI were also analysed 

separately. Each group of sequences were aligned using NextAlign version 2.4.0 

and the 100bp 5’ and 50bp 3’ ends were masked from the alignment. 

 

We created multiple datasets for analysis depending on the scope (supplementary 

table 1). In the first dataset, we selected all Kenyan sequences that passed the 

criteria and was available publicly and in the subsequent datasets were selected 

depending on the variant type and lineage of interest prevalent in Kenya.  

 

Phylogenetic analysis 

Phylogenetic analysis of Kenyan and global sequences was carried using an augur 

pipeline version 18 using a similar setup described previously by the NextStrain 

nCoV (https://github.com/nextstrain/ncov).  A global context for each variant was 

specified in within the parameters file.  After filtering and quality control a  maximum 

likelihood tree was estimated using IQTree (Minh, Schmidt et al. 2020) version 2.1.4 

using a GTR model.  The estimated phylogeny was rooted using the reference 

sequence Wuhan/Hu-1 (GenBank accession MN908947, RefSeq NC_045512.2.3). 

The maximum likelihood tree was used to estimate a time-scaled phylogenetic tree 

using TreeTime (Sagulenko, Puller et al. 2018) under a coalescent model. The 

resulting respective tree was visualized using ggtree package version 3.3.2. in R 

version 4.4.1. 

 

Estimating the number of introductions of VOCs into Kenya 

We estimated the number of introductions of each of the variants of concern and 

variants of interest using several methods. We identified Kenyan sequences that did 

not fall into a Kenyan monophyletic or transmission group as a Kenyan singleton. We 

inferred that each such singleton comprised of an introduction.  In the second 

approach, the global ML tree topology was used to estimate the number of viral 

transmission events within the country (Wilkinson, Giovanetti et al. 2021) assuming a 
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contestant evolutionary rate of 8.4 x10-4 nucleotide substitutions per site per year. A 

mugration model was fitted to the time-scaled phylogenetic tree and the location trait 

was inferred from the internal nodes. The number of transitions within Kenyan 

counties were inferred based on the location and inferred date at internal nodes. 

 
 

Results  

SARS-CoV-2 infections in Kenya were characterised by waves of infections (Figure 

1) despite the implementation of control measures such as compulsory masks and 

restriction of movement and social gatherings among other measures 

(supplementary figure 1). Each VOC was introduced and sequentially replaced by 

new variants and in some instances, we observed sequential replacement of sub-

lineages (Figure 2) across geographical regions. To provide a global context for 

variants of concern in Kenya, we carried out phylogenetic and phylodynamic analysis 

of sequences collected from Kenya with 54,980 global sequences.  Kenyan SARS-

CoV-2 variants of concern were dispersed throughout the global phylogeny and 

represented the major diversity that was observed across the globe (Figure 3). The 

gamma variant was the only major variant that was not reported in Kenya and was 

also not reported in Africa. Overall diversity comprised of 142 distinct PANGO 

lineages from sequences collected between March 2020 and September 2022. 

 

The Beta variant was the first VOC to be detected in Kenya from samples collected 

on the 15th and 17th December 2020 from two asymptomatic visitors who had 

recently travelled from South Africa (Table1). Additional cases of the Beta variant 

were later detected from individuals who presented at the points of entry (PoE) 

between Kenya and Tanzania. We identified twenty-four cases of potential direct 

imports of the Beta variant from individuals with a history of travel from Tanzania. 

Additional cases were identified from individuals with a history of travel to Tanzania, 

India, Uganda, and Congo. We analysed a total of 199 sequences from Kenya that 

were detected between December 2020 and July 2021 and estimated 78 

introductions of the Beta variant into Kenya. A few introductions seeded community 

transmission at the Kenyan coast including outbreaks at the local prisons in Taita-

Taveta, Mombasa and Migori counties.  The Beta variant was more dominant at the 

coastal region and only a few cases were detected in other regions (figure 3). This 
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could be attributed to paucity of data or low level of genomic surveillance in other 

regions relative to the coastal region.  

 

 

The Alpha variant was reported from routine genomic surveillance of samples 

collected between 29th December 2020 and 14th January 2021 (Table 1). The first 

Alpha variant was from a male individual (less than 35 years old) who presented to a 

Mombasa clinic with symptoms of fever and headache and without a history of 

recent international travel or known contact with an infected individual, suggesting 

previous cryptic transmission of this variant within the population prior to isolation.  

We identified a total of 1,101 Alpha variant sequences and based on these we 

estimate at least 102 introductions into the country. Three introductions were 

associated with large community outbreaks (n>100) cases and 13 further 

introductions were associated with transmission clusters of 10 or more cases. Alpha 

cases in Kenya represented most of the African and global diversity. For example, 

we noted a large transmission cluster of Western African origin that was introduced 

into Nairobi.  

 

The delta variant outbreak was observed in real time among samples that were 

tested in April 2021 in Kisumu and Nairobi from individuals with a history of travel 

to/from India.  Further retrospective sequencing of stored samples identified cases of 

the Delta variant as early as 9th January 2021 in Kilifi on the Kenyan Coast (n=3), 

and an additional 7 cases were diagnosed at the Nairobi Aga-Khan hospital on 

February 9th, 2021. All the 10 cases came from individuals who had no history of 

recent international travel, suggesting earlier cryptic transmission.  At the Coast the 

first reported case was in Mombasa from an individual with history of recent travel to 

India.  In addition, on 29th April 2021 we reported additional cases through airport 

surveillance of cases from individuals with history of travel from India.    We 

estimated at least 380 introductions from 2,527 fully sequenced Delta variant 

genomes. The Delta variant replaced the Alpha variant in Kenya by June 2021. The 

Delta variant was shown to have been more transmissible than the Alpha variant. 

There were four major Delta sub lineages associated with multiple infections in 

Kenya i.e., AY.116, AY.16, AY.46 and B.1.617.2 and at least 28 further additional 

lineages that did not lead to significant further transmission in Kenya.  
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The first genomic detection of Omicron cases was from samples collected in Nairobi 

on 14th November 2021 (Table 1). This was identified retrospectively by sequencing 

of samples stored by the National Public Health Laboratory (NPHL) and was from an 

individual without prior history of travel, providing evidence that the Omicron variant 

was circulating in Kenya prior to the initial real time detection. The number of cases 

rose from 20 to a peak of 3000 confirmed cases per day by January 2022. This was 

followed by a sudden decline in the number of cases by end of February 2022, and a 

change of policy on testing and the introduction of antigen tests which further 

impacted the number of samples available for sequencing.  

 

The BA.1 co-circulated with BA.1.1. variants which were the most dominant of the 

two lineages driving the 5th wave.  Despite an increase in the number of BA.2 

variants globally and a BA.2 driven wave of cases in South Africa, there was no 

remarkable increase in the number of cases and BA.2 variants did not cause a major 

wave in Kenya. Between May and July 2022, a sixth wave of infections associated 

with increased circulation BA.2.12.1, BA.4 and BA.5 was observed. The emergence 

of BA.4 first detected on 14th December 2021 and BA.5 first detected on 15th 

November 2021, in South Africa.   
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Variant of 
concern 

Date of first 
global report   

Date of first 
detection in Kenya 

Clinical 
characteristics 
of initial report 

No. of days 
since global 
report 

No. of 
introductio
ns   

Alpha 20th March 2020 29th December 2020 Symptomatic 
(Fever, 
headache)  

185 days 108 

Beta  26th June 2020  15th December 2020 Asymptomatic  172 days 78 

Delta 3rd November 
2020 

  7th January 2021* Asymptomatic 65 days  239 

Omicron-
BA.1  

17th October 
2021 

14th November 2021 Symptomatic 41 days  308 

Omicron 
BA.2 

22nd March 
2022$ 

14th December 2021 Unknown  Sporadic 
reports$ 

69 

BA.4 14th December 
2021  

15th April 2022 Asymptomatic  122 days 64 

BA.5 15th November 
2021 

7th April 2022 Asymptomatic 143 days 64 

Table 1: A summary table showing time of first global detection and VOC detection 
in Kenya. A detailed summary of first detection of cases in each county is provided in 
supplementally table1. *Retrospective sequencing of cases from Aga Khan Hospital. $BA.2 could have 
been circulating in low frequency for several weeks before it became dominant in Europe and South Africa.  

 

 

 

Temporal replacement of variants of concern  

Our previous studies showed that the first and second waves were characterised by 

introductions of the virus from the global community (Githinji, de Laurent et al. 2021) 

followed by establishment and sustained local transmission of the wildtype strains 

(Agoti, Ochola-Oyier et al. 2021) which occurred within different demographic 

populations and social-economic groups (Brand, Ojal et al. 2021). Here we show that 

subsequent waves coincided with multiple introductions of two variants of concern 

(i.e., Alpha and Beta) and a variant of interest between January and May 2021 while 

the fourth wave coincided with the establishment of the Delta variant between April 

and September 2021 (figure 1). The fifth wave coincided with multiple introductions 

and rapid transmission of the Omicron variant and the sixth wave corresponded with 

introductions of the BA.4 and BA.5 omicron lineages (figure 1 and figure 3). 
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Upon introduction, each VOC established rapid local transmission despite 

implementation of control measures such as wearing of masks and control of 

movement past evening hours, and there was evidence that local transmission was 

already established prior to the point of first identification. Both Beta and Alpha 

variants co-circulated in Kenya for a couple of weeks following introduction of the 

Alpha variant (Figure 1 and figure 3). To gain insight on local patterns of spread, we 

generated both maximum likelihood and time-resolved phylogenetic trees from 

sequences collected between March 2020 and September 2022, our study focuses 

more on the sequences collected between late 2020 to September 2022.  

 

Our data suggests that each of the major VOC showed distinct pattern of 

introduction and dispersal within the country.  The Beta variant was prevalent along 

the coastal counties (figure 3).  A total of 18 of these cases were sequenced from 

samples collected at the entry points in Kwale and Taita-Taveta counties from truck 

drivers between January and March 2021 and 23 cases were recorded among 

inmates at two prison facilities in Mombasa and Taita-Taveta. And additional 12 

cases were identified at a prison facility in Western Kenya. Overall, our data 

suggests that the coastal region was an important region of entry and dispersal point 

for Beta variants to the rest of the country. 

 

Nairobi region and its environs may have been a major dispersal point for the Alpha 

variant to the rest of the country (supplementary figure 2). Other significant regions 

of dispersal were the coastal and western Kenya.  The Alpha variant showed 

geographical clustering and was more dispersed relative to the Beta variant. Nairobi 

was a major dispersal region (supplementary figure 2) to coast, central and western 

Kenya regions.  On the other hand, the Delta variant showed distinct geographical 

and variant clustering (figure 3). Each of these lineages were dispersed to other 

regions with the Nyanza region acting as a major source of within country 

transmission (supplementary figure 2). Upon introduction in late 2021, the Omicron 

BA.1 and BA.1.1 were the most dominant variants and appear to have been largely 

dispersed from Nairobi. The two variants were associated with widespread infections 

in Nairobi and its environs. Nairobi was a major source of the BA.1.1 for other 

regions in the country. Kenya did not see large widespread or domination of the BA.2 

variant, nevertheless, an increase in the number of BA.2, BA.4 and BA.5 was 
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associated with the 6th wave of infections. Nairobi region was a source of the BA.5 

variants.  

 

Discussion  

The evolution of SARS-CoV-2 has been characterised by emergence of multiple 

lineages with capacity for increased transmission and immune escape. These 

variants of concern (VOC) spread swiftly across the globe replacing the previous 

wild-type strains. We document here the sequential introduction of these VOC 

lineages in Kenya, except for the Gamma variant that was widely reported in South 

and North America and some regions in Europe.  Seroprevalence data integrated 

with transmission modelling (Brand, Ojal et al. 2021) indicated that a high proportion 

of the Kenya population had been exposed to the wild-type SARS-CoV-2 virus by the 

end of the second wave in December 2020 (Ojal, Brand et al. 2020, Adetifa, Uyoga 

et al. 2021, Etyang, Lucinde et al. 2021, Uyoga, Adetifa et al. 2021, Uyoga, Adetifa 

et al. 2021). The third wave coincided with the introduction of VOCs which suggests 

a role for the Beta and Alpha variants in the third wave. The fourth wave followed the 

introduction and spread of the Delta VOC in May 2021. The fifth wave followed the 

introduction of the highly transmissible Omicron variant and led to the largest spike in 

infected cases. A sixth wave was driven by fitter subvariants of the Omicron wave 

namely BA.2, BA.4 and BA.5 variants that were introduced in March 2022. It is 

difficult to ascertain the total number of omicron BA.4 and BA.5 infections given that 

the testing capacity in Kenya dropped significantly since March 2022. Natural 

immunity from previous infections and vaccination could have played a significant 

role in the number of actual cases that were observed.   The variants of concern 

were a major driver of the surges in cases.   

 

We find that cryptic transmission of VOCS occurred prior to initial genomic detection 

which underscores the limited genomic surveillance of SARS-CoV-2 in Kenya 

against a background of reactive public health interventions such as restriction of 

movement, ban on public gatherings and mask mandate. By the time these efforts 

were made, it was too late, and the virus was already well established within the 

respective community. We find that the time to first genomic detection of later 

variants such as omicron was lower relative to Beta and Alpha variant. The latter 

were introduced at a time of limited public health measures.    
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Surveillance effort should focus in identifying cases of cryptic transmission among 

venerable groups e.g., immune-compromised groups. Recent convergent evolution 

of multiple Omicron variants should be investigated among cases in Kenya.  In 

addition, understanding of the factors that contributed to the growth or emergence of 

transmission clusters in specific regions or among specific demographic groups 

would be essential to inform future control measures. Continued surveillance of 

SARS-CoV-2 variants in Kenya is recognized by the Ministry of Health, Government 

of Kenya, as important in forecasting the health resource needs and for monitoring of 

emerging local diversity of VOC with further potential for increased transmissibility or 

immune escape, particularly against the background of a large population 

characterized by partial immunity. 

 

 
Acknowledgements 
We thank (a) the members of the six Coastal counties of Kenya RRTs for collecting 
the samples analysed here; (b) the members of the COVID-19 KWTRP Testing 
Team who tirelessly analysed the samples received at KWTRP to identify positives 
(see full list of members below); (c) the KWTRP data entry team, (d) Laboratories 
that have shared sequence data on GISAID that we included as comparison data in 
our analysis (see list in appendix); (e) the KRISP team in South Africa for sharing the 
scripts we used in the import/export analysis and AFRICA-CDC for facilitating Africa 
genomics training. This paper is published with permission of the Director of KEMRI.  
 
Members of COVID-19 Testing Team at KWTRP 

Agnes Mutiso, Alfred Mwanzu, Angela Karani, Bonface M. Gichuki, Boniface Karia, 
Brian Bartilol,  Brian Tawa,  Calleb Odundo,  Caroline Ngetsa, Clement Lewa, Daisy 
Mugo, David Amadi,  David Ireri, Debra Riako, Domtila Kimani, Edwin Machanja, 
Elijah Gicheru, Elisha Omer, Faith Gambo, Horace Gumba, Isaac Musungu, James 
Chemweno,  Janet Thoya,  Jedida Mwacharo,  John Gitonga,  Johnstone Makale,  
Justine  Getonto, Kelly Ominde, Kelvias Keter, Lydia Nyamako,  Margaret Nunah, 
Martin Mutunga, Metrine Tendwa, Moses Mosobo, Nelson Ouma, Nicole Achieng, 
Patience Kiyuka, Perpetual Wanjiku, Peter Mwaura, Rita Warui, Robinson Cheruiyot, 
Salim Mwarumba, Shaban  Mwangi, Shadrack Mutua,  Sharon Owuor, Susan 
Njuguna, Victor Osoti,  Wesley Cheruiyot,  Wilfred Nyamu,  Wilson Gumbi and  
Yiakon Sein.  
 
 

Funding 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


This work was supported by the National Institute for Health Research (NIHR) 
(project references 17/63/82 (PI Prof. James Nokes) and 16/136/33 (PI Prof. Mark 
Wooolhouse) using UK aid from the UK Government to support global health 
research, The UK Foreign, Commonwealth and Development Office and Wellcome 
Trust (grant# 220985). The views expressed in this publication are those of the 
author (s) and not necessarily those of NIHR, the Department of Health and Social 
Care, Foreign Commonwealth and Development Office, Wellcome Trust or the UK 
government.  Some members of COVID-19 Testing Team at KWTRP were 
supported by funding received by Dr Marta Maia (BOHEMIA study funded UNITAID), 
Dr Francis Ndungu (Senior Fellowship and Research and Innovation Action (RIA) 
grants from EDCTP), Dr Eunice Nduati (USAID grant to IAVI: AID-OAA-A-16-00032) 
and Prof. Anthony Scott (PCIVS grant from GAVI). 

 

 

References  
Adetifa, I. M. O., S. Uyoga, J. N. Gitonga, D. Mugo, M. Otiende, J. Nyagwange, H. K. 
Karanja, J. Tuju, P. Wanjiku, R. Aman, M. Mwangangi, P. Amoth, K. Kasera, W. Ng’ang’a, 
C. Rombo, C. Yegon, K. Kithi, E. Odhiambo, T. Rotich, I. Orgut, S. Kihara, C. Bottomley, E. 
W. Kagucia, K. E. Gallagher, A. Etyang, S. Voller, T. Lambe, D. Wright, E. Barasa, B. 
Tsofa, P. Bejon, L. I. Ochola-Oyier, A. Agweyu, J. A. G. Scott and G. M. Warimwe (2021). 
"Temporal trends of SARS-CoV-2 seroprevalence during the first wave of the COVID-19 
epidemic in Kenya." Nature Communications 12(1): 3966. 
Agoti, C. N., L. I. Ochola-Oyier, S. Dellicour, K. S. Mohammed, A. W. Lambisia, Z. R. de 
Laurent, J. M. Morobe, M. W. Mburu, D. O. Omuoyo, E. M. Ongera, L. Ndwiga, E. Maitha, 
B. Kitole, T. Suleiman, M. Mwakinangu, J. K. Nyambu, J. Otieno, B. Salim, J. Musyoki, N. 
Murunga, E. Otieno, J. N. Kiiru, K. Kasera, P. Amoth, M. Mwangangi, R. Aman, S. 
Kinyanjui, G. Warimwe, M. Phan, A. Agweyu, M. Cotten, E. Barasa, B. Tsofa, D. J. Nokes, 
P. Bejon and G. Githinji (2022). "Transmission networks of SARS-CoV-2 in Coastal Kenya 
during the first two waves: a retrospective genomic study." eLife 11: e71703. 
Agoti, C. N., L. I. Ochola-Oyier, K. S. Mohammed, A. W. Lambisia, Z. R. de Laurent, J. M. 
Morobe, M. W. Mburu, D. O. Omuoyo, E. M. Ongera, L. Ndwiga, E. Maitha, B. Kitole, T. 
Suleiman, M. Mwakinangu, J. Nyambu, J. Otieno, B. Salim, J. Musyoki, N. Murunga, E. 
Otieno, J. Kiiru, K. Kasera, P. Amoth, M. Mwangangi, R. Aman, S. Kinyanjui, G. Warimwe, 
M. Phan, A. Agweyu, M. Cotten, E. Barasa, B. Tsofa, D. J. Nokes, P. Bejon and G. Githinji 
(2021). "Genomic surveillance reveals the spread patterns of SARS-CoV-2 in coastal Kenya 
during the first two waves." medRxiv: 2021.2007.2001.21259583. 
Brand, S. P. C., J. Ojal, R. Aziza, V. Were, E. A. Okiro, I. K. Kombe, C. Mburu, M. Ogero, 
A. Agweyu, G. M. Warimwe, J. Nyagwange, H. Karanja, J. N. Gitonga, D. Mugo, S. Uyoga, 
I. M. O. Adetifa, J. A. G. Scott, E. Otieno, N. Murunga, M. Otiende, L. I. Ochola-Oyier, C. 
N. Agoti, G. Githinji, K. Kasera, P. Amoth, M. Mwangangi, R. Aman, W. Ng’ang’a, B. 
Tsofa, P. Bejon, M. J. Keeling, D. J. Nokes and E. Barasa (2021). "COVID-19 Transmission 
Dynamics Underlying Epidemic Waves in Kenya." medRxiv: 2021.2006.2017.21259100. 
Campbell, F., B. Archer, H. Laurenson-Schafer, Y. Jinnai, F. Konings, N. Batra, B. Pavlin, K. 
Vandemaele, M. D. Van Kerkhove, T. Jombart, O. Morgan and O. le Polain de Waroux 
(2021). "Increased transmissibility and global spread of SARS-CoV-2 variants of concern as 
at June 2021." Eurosurveillance 26(24): 2100509. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


Davies, N. G., S. Abbott, R. C. Barnard, C. I. Jarvis, A. J. Kucharski, J. D. Munday, C. A. B. 
Pearson, T. W. Russell, D. C. Tully, A. D. Washburne, T. Wenseleers, A. Gimma, W. 
Waites, K. L. M. Wong, K. van Zandvoort, J. D. Silverman, K. Diaz-Ordaz, R. Keogh, R. M. 
Eggo, S. Funk, M. Jit, K. E. Atkins and W. J. Edmunds (2021). "Estimated transmissibility 
and impact of SARS-CoV-2 lineage B.1.1.7 in England." Science 372(6538): eabg3055. 
du Plessis, L., J. T. McCrone, A. E. Zarebski, V. Hill, C. Ruis, B. Gutierrez, J. Raghwani, J. 
Ashworth, R. Colquhoun, T. R. Connor, N. R. Faria, B. Jackson, N. J. Loman, Á. O’Toole, S. 
M. Nicholls, K. V. Parag, E. Scher, T. I. Vasylyeva, E. M. Volz, A. Watts, I. I. Bogoch, K. 
Khan, D. M. Aanensen, M. U. G. Kraemer, A. Rambaut and O. G. Pybus (2021). 
"Establishment and lineage dynamics of the SARS-CoV-2 epidemic in the UK." Science 
371(6530): 708-712. 
Etyang, A. O., R. Lucinde, H. Karanja, C. Kalu, D. Mugo, J. Nyagwange, J. Gitonga, J. Tuju, 
P. Wanjiku, A. Karani, S. Mutua, H. Maroko, E. Nzomo, E. Maitha, E. Kamuri, T. Kaugiria, 
J. Weru, L. B. Ochola, N. Kilimo, S. Charo, N. Emukule, W. Moracha, D. Mukabi, R. 
Okuku, M. Ogutu, B. Angujo, M. Otiende, C. Bottomley, E. Otieno, L. Ndwiga, A. 
Nyaguara, S. Voller, C. N. Agoti, D. J. Nokes, L. I. Ochola-Oyier, R. Aman, P. Amoth, M. 
Mwangangi, K. Kasera, W. Ng’ang’a, I. M. O. Adetifa, E. Wangeci Kagucia, K. Gallagher, 
S. Uyoga, B. Tsofa, E. Barasa, P. Bejon, J. A. G. Scott, A. Agweyu and G. M. Warimwe 
(2021). "Seroprevalence of Antibodies to Severe Acute Respiratory Syndrome Coronavirus 2 
Among Healthcare Workers in Kenya." Clinical Infectious Diseases. 
Faria, N. R., T. A. Mellan, C. Whittaker, I. M. Claro, D. d. S. Candido, S. Mishra, M. A. E. 
Crispim, F. C. S. Sales, I. Hawryluk, J. T. McCrone, R. J. G. Hulswit, L. A. M. Franco, M. S. 
Ramundo, J. G. de Jesus, P. S. Andrade, T. M. Coletti, G. M. Ferreira, C. A. M. Silva, E. R. 
Manuli, R. H. M. Pereira, P. S. Peixoto, M. U. G. Kraemer, N. Gaburo, C. d. C. Camilo, H. 
Hoeltgebaum, W. M. Souza, E. C. Rocha, L. M. de Souza, M. C. de Pinho, L. J. T. Araujo, F. 
S. V. Malta, A. B. de Lima, J. d. P. Silva, D. A. G. Zauli, A. C. d. S. Ferreira, R. P. 
Schnekenberg, D. J. Laydon, P. G. T. Walker, H. M. Schlüter, A. L. P. dos Santos, M. S. 
Vidal, V. S. Del Caro, R. M. F. Filho, H. M. dos Santos, R. S. Aguiar, J. L. Proença-Modena, 
B. Nelson, J. A. Hay, M. Monod, X. Miscouridou, H. Coupland, R. Sonabend, M. Vollmer, 
A. Gandy, C. A. Prete, V. H. Nascimento, M. A. Suchard, T. A. Bowden, S. L. K. Pond, C.-
H. Wu, O. Ratmann, N. M. Ferguson, C. Dye, N. J. Loman, P. Lemey, A. Rambaut, N. A. 
Fraiji, M. d. P. S. S. Carvalho, O. G. Pybus, S. Flaxman, S. Bhatt and E. C. Sabino (2021). 
"Genomics and epidemiology of the P.1 SARS-CoV-2 lineage in Manaus, Brazil." Science: 
eabh2644. 
Githinji, G., Z. R. de Laurent, K. S. Mohammed, D. O. Omuoyo, P. M. Macharia, J. M. 
Morobe, E. Otieno, S. M. Kinyanjui, A. Agweyu, E. Maitha, B. Kitole, T. Suleiman, M. 
Mwakinangu, J. Nyambu, J. Otieno, B. Salim, K. Kasera, J. Kiiru, R. Aman, E. Barasa, G. 
Warimwe, P. Bejon, B. Tsofa, L. I. Ochola-Oyier, D. J. Nokes and C. N. Agoti (2021). 
"Tracking the introduction and spread of SARS-CoV-2 in coastal Kenya." Nature 
Communications 12(1): 4809. 
Hu, J., P. Peng, X. Cao, K. Wu, J. Chen, K. Wang, N. Tang and A.-l. Huang (2022). 
"Increased immune escape of the new SARS-CoV-2 variant of concern Omicron." Cellular & 
Molecular Immunology 19(2): 293-295. 
Konings, F., M. D. Perkins, J. H. Kuhn, M. J. Pallen, E. J. Alm, B. N. Archer, A. Barakat, T. 
Bedford, J. N. Bhiman, L. Caly, L. L. Carter, A. Cullinane, T. de Oliveira, J. Druce, I. El 
Masry, R. Evans, G. F. Gao, A. E. Gorbalenya, E. Hamblion, B. L. Herring, E. Hodcroft, E. 
C. Holmes, M. Kakkar, S. Khare, M. P. G. Koopmans, B. Korber, J. Leite, D. MacCannell, 
M. Marklewitz, S. Maurer-Stroh, J. A. M. Rico, V. J. Munster, R. Neher, B. O. Munnink, B. 
I. Pavlin, M. Peiris, L. Poon, O. Pybus, A. Rambaut, P. Resende, L. Subissi, V. Thiel, S. 
Tong, S. van der Werf, A. von Gottberg, J. Ziebuhr and M. D. Van Kerkhove (2021). "SARS-

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


CoV-2 Variants of Interest and Concern naming scheme conducive for global discourse." 
Nature Microbiology 6(7): 821-823. 
Liu, Y., J. Liu, B. A. Johnson, H. Xia, Z. Ku, C. Schindewolf, S. G. Widen, Z. An, S. C. 
Weaver, V. D. Menachery, X. Xie and P.-Y. Shi (2021). "Delta spike P681R mutation 
enhances SARS-CoV-2 fitness over Alpha variant." bioRxiv: 2021.2008.2012.456173. 
Meng, B., S. A. Kemp, G. Papa, R. Datir, I. A. T. M. Ferreira, S. Marelli, W. T. Harvey, S. 
Lytras, A. Mohamed, G. Gallo, N. Thakur, D. A. Collier, P. Mlcochova, S. C. Robson, N. J. 
Loman, T. R. Connor, T. Golubchik, R. T. Martinez Nunez, C. Ludden, S. Corden, I. 
Johnston, D. Bonsall, C. P. Smith, A. R. Awan, G. Bucca, M. E. Torok, K. Saeed, J. A. 
Prieto, D. K. Jackson, W. L. Hamilton, L. B. Snell, C. Moore, E. M. Harrison, S. Goncalves, 
D. J. Fairley, M. W. Loose, J. Watkins, R. Livett, S. Moses, R. Amato, S. Nicholls, M. Bull, 
D. L. Smith, J. Barrett, D. M. Aanensen, M. D. Curran, S. Parmar, D. Aggarwal, J. G. 
Shepherd, M. D. Parker, S. Glaysher, M. Bashton, A. P. Underwood, N. Pacchiarini, K. F. 
Loveson, K. E. Templeton, C. F. Langford, J. Sillitoe, T. I. de Silva, D. Wang, D. 
Kwiatkowski, A. Rambaut, J. O’Grady, S. Cottrell, M. T. G. Holden, E. C. Thomson, H. 
Osman, M. Andersson, A. J. Chauhan, M. O. Hassan-Ibrahim, M. Lawniczak, A. Alderton, 
M. Chand, C. Constantinidou, M. Unnikrishnan, A. C. Darby, J. A. Hiscox, S. Paterson, I. 
Martincorena, E. M. Volz, A. J. Page, O. G. Pybus, A. R. Bassett, C. V. Ariani, M. H. S. 
Chapman, K. K. Li, R. N. Shah, N. G. Jesudason, Y. Taha, M. P. McHugh, R. Dewar, A. S. 
Jahun, C. McMurray, S. Pandey, J. P. McKenna, A. Nelson, G. R. Young, C. M. McCann, S. 
Elliott, H. Lowe, B. Temperton, S. Roy, A. Price, S. Rey, M. Wyles, S. Rooke, S. Shaaban, 
M. de Cesare, L. Letchford, S. Silveira, E. Pelosi, E. Wilson-Davies, M. Hosmillo, Á. 
O’Toole, A. R. Hesketh, R. Stark, L. du Plessis, C. Ruis, H. Adams, Y. Bourgeois, S. L. 
Michell, D. Gramatopoulos, J. Edgeworth, J. Breuer, J. A. Todd, C. Fraser, D. Buck, M. 
John, G. L. Kay, S. Palmer, S. J. Peacock, D. Heyburn, D. Weldon, E. Robinson, A. 
McNally, P. Muir, I. B. Vipond, J. Boyes, V. Sivaprakasam, T. Salluja, S. Dervisevic, E. J. 
Meader, N. R. Park, K. Oliver, A. R. Jeffries, S. Ott, A. da Silva Filipe, D. A. Simpson, C. 
Williams, J. A. H. Masoli, B. A. Knight, C. R. Jones, C. Koshy, A. Ash, A. Casey, A. 
Bosworth, L. Ratcliffe, L. Xu-McCrae, H. M. Pymont, S. Hutchings, L. Berry, K. Jones, F. 
Halstead, T. Davis, C. Holmes, M. Iturriza-Gomara, A. O. Lucaci, P. A. Randell, A. Cox, P. 
Madona, K. A. Harris, J. R. Brown, T. W. Mahungu, D. Irish-Tavares, T. Haque, J. Hart, E. 
Witele, M. L. Fenton, S. Liggett, C. Graham, E. Swindells, J. Collins, G. Eltringham, S. 
Campbell, P. C. McClure, G. Clark, T. J. Sloan, C. Jones, J. Lynch, B. Warne, S. Leonard, J. 
Durham, T. Williams, S. T. Haldenby, N. Storey, N.-F. Alikhan, N. Holmes, C. Moore, M. 
Carlile, M. Perry, N. Craine, R. A. Lyons, A. H. Beckett, S. Goudarzi, C. Fearn, K. Cook, H. 
Dent, H. Paul, R. Davies, B. Blane, S. T. Girgis, M. A. Beale, K. L. Bellis, M. J. Dorman, E. 
Drury, L. Kane, S. Kay, S. McGuigan, R. Nelson, L. Prestwood, S. Rajatileka, R. Batra, R. J. 
Williams, M. Kristiansen, A. Green, A. Justice, A. I. K. Mahanama, B. Samaraweera, N. F. 
Hadjirin, J. Quick, R. Poplawski, L. M. Kermack, N. Reynolds, G. Hall, Y. Chaudhry, M. L. 
Pinckert, I. Georgana, R. J. Moll, A. Thornton, R. Myers, J. Stockton, C. A. Williams, W. C. 
Yew, A. J. Trotter, A. Trebes, G. MacIntyre-Cockett, A. Birchley, A. Adams, A. Plimmer, B. 
Gatica-Wilcox, C. McKerr, E. Hilvers, H. Jones, H. Asad, J. Coombes, J. M. Evans, L. Fina, 
L. Gilbert, L. Graham, M. Cronin, S. Kumziene-Summerhayes, S. Taylor, S. Jones, D. C. 
Groves, P. Zhang, M. Gallis, S. F. Louka, I. Starinskij, C. Jackson, M. Gourtovaia, G. 
Tonkin-Hill, K. Lewis, J. M. Tovar-Corona, K. James, L. Baxter, M. T. Alam, R. J. Orton, J. 
Hughes, S. Vattipally, M. Ragonnet-Cronin, F. F. Nascimento, D. Jorgensen, O. Boyd, L. 
Geidelberg, A. E. Zarebski, J. Raghwani, M. U. G. Kraemer, J. Southgate, B. B. Lindsey, T. 
M. Freeman, J.-P. Keatley, J. B. Singer, L. de Oliveira Martins, C. A. Yeats, K. Abudahab, B. 
E. W. Taylor, M. Menegazzo, J. Danesh, W. Hogsden, S. Eldirdiri, A. Kenyon, J. Mason, T. 
I. Robinson, A. Holmes, J. Price, J. A. Hartley, T. Curran, A. E. Mather, G. Shankar, R. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


Jones, R. Howe, S. Morgan, E. Wastenge, M. R. Chapman, S. Mookerjee, R. Stanley, W. 
Smith, T. Peto, D. Eyre, D. Crook, G. Vernet, C. Kitchen, H. Gulliver, I. Merrick, M. Guest, 
R. Munn, D. T. Bradley, T. Wyatt, C. Beaver, L. Foulser, S. Palmer, C. M. Churcher, E. 
Brooks, K. S. Smith, K. Galai, G. M. McManus, F. Bolt, F. Coll, L. Meadows, S. W. 
Attwood, A. Davies, E. De Lacy, F. Downing, S. Edwards, G. P. Scarlett, S. Jeremiah, N. 
Smith, D. Leek, S. Sridhar, S. Forrest, C. Cormie, H. K. Gill, J. Dias, E. E. Higginson, M. 
Maes, J. Young, M. Wantoch, D. Jamrozy, S. Lo, M. Patel, V. Hill, C. M. Bewshea, S. 
Ellard, C. Auckland, I. Harrison, C. Bishop, V. Chalker, A. Richter, A. Beggs, A. Best, B. 
Percival, J. Mirza, O. Megram, M. Mayhew, L. Crawford, F. Ashcroft, E. Moles-Garcia, N. 
Cumley, R. Hopes, P. Asamaphan, M. O. Niebel, R. N. Gunson, A. Bradley, A. Maclean, G. 
Mollett, R. Blacow, P. Bird, T. Helmer, K. Fallon, J. Tang, A. D. Hale, L. R. Macfarlane-
Smith, K. L. Harper, H. Carden, N. W. Machin, K. A. Jackson, S. S. Y. Ahmad, R. P. 
George, L. Turtle, E. O’Toole, J. Watts, C. Breen, A. Cowell, A. Alcolea-Medina, T. 
Charalampous, A. Patel, L. J. Levett, J. Heaney, A. Rowan, G. P. Taylor, D. Shah, L. 
Atkinson, J. C. D. Lee, A. P. Westhorpe, R. Jannoo, H. L. Lowe, A. Karamani, L. Ensell, W. 
Chatterton, M. Pusok, A. Dadrah, A. Symmonds, G. Sluga, Z. Molnar, P. Baker, S. Bonner, 
S. Essex, E. Barton, D. Padgett, G. Scott, J. Greenaway, B. A. I. Payne, S. Burton-Fanning, S. 
Waugh, V. Raviprakash, N. Sheriff, V. Blakey, L.-A. Williams, J. Moore, S. Stonehouse, L. 
Smith, R. K. Davidson, L. Bedford, L. Coupland, V. Wright, J. G. Chappell, T. Tsoleridis, J. 
Ball, M. Khakh, V. M. Fleming, M. M. Lister, H. C. Howson-Wells, L. Berry, T. Boswell, A. 
Joseph, I. Willingham, N. Duckworth, S. Walsh, E. Wise, N. Moore, M. Mori, N. Cortes, S. 
Kidd, R. Williams, L. Gifford, K. Bicknell, S. Wyllie, A. Lloyd, R. Impey, C. S. Malone, B. 
J. Cogger, N. Levene, L. Monaghan, A. J. Keeley, D. G. Partridge, M. Raza, C. Evans, K. 
Johnson, E. Betteridge, B. W. Farr, S. Goodwin, M. A. Quail, C. Scott, L. Shirley, S. A. J. 
Thurston, D. Rajan, I. F. Bronner, L. Aigrain, N. M. Redshaw, S. V. Lensing, S. McCarthy, 
A. Makunin, C. E. Balcazar, M. D. Gallagher, K. A. Williamson, T. D. Stanton, M. L. 
Michelsen, J. Warwick-Dugdale, R. Manley, A. Farbos, J. W. Harrison, C. M. Sambles, D. J. 
Studholme, A. Lackenby, T. Mbisa, S. Platt, S. Miah, D. Bibby, C. Manso, J. Hubb, G. 
Dabrera, M. Ramsay, D. Bradshaw, U. Schaefer, N. Groves, E. Gallagher, D. Lee, D. 
Williams, N. Ellaby, H. Hartman, N. Manesis, V. Patel, J. Ledesma, K. A. Twohig, E. Allara, 
C. Pearson, J. K. J. Cheng, H. E. Bridgewater, L. R. Frost, G. Taylor-Joyce, P. E. Brown, L. 
Tong, A. Broos, D. Mair, J. Nichols, S. N. Carmichael, K. L. Smollett, K. Nomikou, E. 
Aranday-Cortes, N. Johnson, S. Nickbakhsh, E. E. Vamos, M. Hughes, L. Rainbow, R. 
Eccles, C. Nelson, M. Whitehead, R. Gregory, M. Gemmell, C. Wierzbicki, H. J. Webster, C. 
L. Fisher, A. W. Signell, G. Betancor, H. D. Wilson, G. Nebbia, F. Flaviani, A. C. Cerda, T. 
V. Merrill, R. E. Wilson, M. Cotic, N. Bayzid, T. Thompson, E. Acheson, S. Rushton, S. 
O’Brien, D. J. Baker, S. Rudder, A. Aydin, F. Sang, J. Debebe, S. Francois, T. I. Vasylyeva, 
M. E. Zamudio, B. Gutierrez, A. Marchbank, J. Maksimovic, K. Spellman, K. McCluggage, 
M. Morgan, R. Beer, S. Afifi, T. Workman, W. Fuller, C. Bresner, A. Angyal, L. R. Green, P. 
J. Parsons, R. M. Tucker, R. Brown, M. Whiteley, J. Bonfield, C. Puethe, A. Whitwham, J. 
Liddle, W. Rowe, I. Siveroni, T. Le-Viet, A. Gaskin, R. Johnson, I. Abnizova, M. Ali, L. 
Allen, R. Anderson, C. Ariani, S. Austin-Guest, S. Bala, J. Barrett, A. Bassett, K. Battleday, 
J. Beal, M. Beale, S. Bellany, T. Bellerby, K. Bellis, D. Berger, M. Berriman, P. Bevan, S. 
Binley, J. Bishop, K. Blackburn, N. Boughton, S. Bowker, T. Brendler-Spaeth, I. Bronner, T. 
Brooklyn, S. K. Buddenborg, R. Bush, C. Caetano, A. Cagan, N. Carter, J. Cartwright, T. C. 
Monteiro, L. Chapman, T.-J. Chillingworth, P. Clapham, R. Clark, A. Clarke, C. Clarke, D. 
Cole, E. Cook, M. Coppola, L. Cornell, C. Cornwell, C. Corton, A. Crackett, A. Cranage, H. 
Craven, S. Craw, M. Crawford, T. Cutts, M. Dabrowska, M. Davies, J. Dawson, C. Day, A. 
Densem, T. Dibling, C. Dockree, D. Dodd, S. Dogga, M. Dorman, G. Dougan, M. 
Dougherty, A. Dove, L. Drummond, M. Dudek, L. Durrant, E. Easthope, S. Eckert, P. Ellis, 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


B. Farr, M. Fenton, M. Ferrero, N. Flack, H. Fordham, G. Forsythe, M. Francis, A. Fraser, A. 
Freeman, A. Galvin, M. Garcia-Casado, A. Gedny, S. Girgis, J. Glover, O. Gould, A. Gray, 
E. Gray, C. Griffiths, Y. Gu, F. Guerin, W. Hamilton, H. Hanks, E. Harrison, A. Harrott, E. 
Harry, J. Harvison, P. Heath, A. Hernandez-Koutoucheva, R. Hobbs, D. Holland, S. Holmes, 
G. Hornett, N. Hough, L. Huckle, L. Hughes-Hallet, A. Hunter, S. Inglis, S. Iqbal, A. 
Jackson, D. Jackson, C. J. Verdejo, M. Jones, K. Kallepally, K. Kay, J. Keatley, A. Keith, A. 
King, L. Kitchin, M. Kleanthous, M. Klimekova, P. Korlevic, K. Krasheninnkova, G. Lane, 
C. Langford, A. Laverack, K. Law, S. Lensing, A. Lewis-Wade, J. Liddle, Q. Lin, S. Lindsay, 
S. Linsdell, R. Long, J. Lovell, J. Lovell, J. Mack, M. Maddison, A. Makunin, I. Mamun, J. 
Mansfield, N. Marriott, M. Martin, M. Mayho, J. McClintock, S. McHugh, L. MapcMinn, C. 
Meadows, E. Mobley, R. Moll, M. Morra, L. Morrow, K. Murie, S. Nash, C. Nathwani, P. 
Naydenova, A. Neaverson, E. Nerou, J. Nicholson, T. Nimz, G. G. Noell, S. O’Meara, V. 
Ohan, C. Olney, D. Ormond, A. Oszlanczi, Y. F. Pang, B. Pardubska, N. Park, A. Parmar, G. 
Patel, M. Payne, S. Peacock, A. Petersen, D. Plowman, T. Preston, M. Quail, R. Rance, S. 
Rawlings, N. Redshaw, J. Reynolds, M. Reynolds, S. Rice, M. Richardson, C. Roberts, K. 
Robinson, M. Robinson, D. Robinson, H. Rogers, E. M. Rojo, D. Roopra, M. Rose, L. Rudd, 
R. Sadri, N. Salmon, D. Saul, F. Schwach, P. Seekings, A. Simms, M. Sinnott, S. Sivadasan, 
B. Siwek, D. Sizer, K. Skeldon, J. Skelton, J. Slater-Tunstill, L. Sloper, N. Smerdon, C. 
Smith, C. Smith, J. Smith, K. Smith, M. Smith, S. Smith, T. Smith, L. Sneade, C. D. Soria, C. 
Sousa, E. Souster, A. Sparkes, M. Spencer-Chapman, J. Squares, R. Stanley, C. Steed, T. 
Stickland, I. Still, M. Stratton, M. Strickland, A. Swann, A. Swiatkowska, N. Sycamore, E. 
Swift, E. Symons, S. Szluha, E. Taluy, N. Tao, K. Taylor, S. Taylor, S. Thompson, M. 
Thompson, M. Thomson, N. Thomson, S. Thurston, D. Toombs, B. Topping, J. Tovar-
Corona, D. Ungureanu, J. Uphill, J. Urbanova, P. J. Van, V. Vancollie, P. Voak, D. Walker, 
M. Walker, M. Waller, G. Ward, C. Weatherhogg, N. Webb, A. Wells, E. Wells, L. 
Westwood, T. Whipp, T. Whiteley, G. Whitton, S. Widaa, M. Williams, M. Wilson, S. 
Wright, L. M. Duncan, A. M. Carabelli, J. C. Kenyon, A. M. Lever, A. De Marco, C. Saliba, 
K. Culap, E. Cameroni, N. J. Matheson, L. Piccoli, D. Corti, L. C. James, D. L. Robertson, D. 
Bailey and R. K. Gupta (2021). "Recurrent emergence of SARS-CoV-2 spike deletion 
H69/V70 and its role in the Alpha variant B.1.1.7." Cell Reports 35(13). 
Minh, B. Q., H. A. Schmidt, O. Chernomor, D. Schrempf, M. D. Woodhams, A. von Haeseler 
and R. Lanfear (2020). "IQ-TREE 2: New Models and Efficient Methods for Phylogenetic 
Inference in the Genomic Era." Molecular Biology and Evolution 37(5): 1530-1534. 
Mlcochova, P., S. Kemp, M. S. Dhar, G. Papa, B. Meng, S. Mishra, C. Whittaker, T. Mellan, 
I. Ferreira, R. Datir, D. A. Collier, A. Albecka, S. Singh, R. Pandey, J. Brown, J. Zhou, N. 
Goonawardne, R. Marwal, M. Datta, S. Sengupta, K. Ponnusamy, V. S. Radhakrishnan, A. 
Abdullahi, O. Charles, P. Chattopadhyay, P. Devi, D. Caputo, T. Peacock, C. Wattal, N. 
Goel, A. Satwik, R. Vaishya, M. Agarwal, T. I. S.-C.-G. Consortium, T. C.-N. B. C.-. 
Collaboration, T. G. t. P. J. Consortium, A. Mavousian, J. H. Lee, J. Bassi, C. Silacci-Fegni, 
C. Saliba, D. Pinto, T. Irie, I. Yoshida, W. L. Hamilton, K. Sato, L. James, D. Corti, L. 
Piccoli, S. Bhatt, S. Flaxman, W. S. Barclay, P. Rakshit, A. Agrawal and R. K. Gupta (2021). 
"SARS-CoV-2 B.1.617.2 Delta variant emergence, replication and sensitivity to neutralising 
antibodies." bioRxiv: 2021.2005.2008.443253. 
Ojal, J., S. P. C. Brand, V. Were, E. A. Okiro, I. K. Kombe, C. Mburu, R. Aziza, M. Ogero, 
A. Agweyu, G. M. Warimwe, S. Uyoga, I. M. O. Adetifa, J. A. G. Scott, E. Otieno, L. I. 
Ochola-Oyier, C. N. Agoti, K. Kasera, P. Amoth, M. Mwangangi, R. Aman, W. Ng’ang’a, B. 
Tsofa, P. Bejon, E. Barasa, M. J. Keeling and D. J. Nokes (2020). "Revealing the extent of 
the COVID-19 pandemic in Kenya based on serological and PCR-test data." MedRxiv. 
Sagulenko, P., V. Puller and R. A. Neher (2018). "TreeTime: Maximum-likelihood 
phylodynamic analysis." Virus Evolution 4(1). 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


Shu, Y. and J. McCauley (2017). "GISAID: Global initiative on sharing all influenza data – 
from vision to reality." Eurosurveillance 22(13): 30494. 
Tegally, H., E. Wilkinson, M. Giovanetti, A. Iranzadeh, V. Fonseca, J. Giandhari, D. 
Doolabh, S. Pillay, E. J. San, N. Msomi, K. Mlisana, A. von Gottberg, S. Walaza, M. Allam, 
A. Ismail, T. Mohale, A. J. Glass, S. Engelbrecht, G. Van Zyl, W. Preiser, F. Petruccione, A. 
Sigal, D. Hardie, G. Marais, N.-y. Hsiao, S. Korsman, M.-A. Davies, L. Tyers, I. Mudau, D. 
York, C. Maslo, D. Goedhals, S. Abrahams, O. Laguda-Akingba, A. Alisoltani-Dehkordi, A. 
Godzik, C. K. Wibmer, B. T. Sewell, J. Lourenço, L. C. J. Alcantara, S. L. Kosakovsky Pond, 
S. Weaver, D. Martin, R. J. Lessells, J. N. Bhiman, C. Williamson and T. de Oliveira (2021). 
"Detection of a SARS-CoV-2 variant of concern in South Africa." Nature 592(7854): 438-
443. 
Uyoga, S., I. M. O. Adetifa, H. K. Karanja, J. Nyagwange, J. Tuju, P. Wanjiku, R. Aman, M. 
Mwangangi, P. Amoth, K. Kasera, W. Ng’ang’a, C. Rombo, C. Yegon, K. Kithi, E. 
Odhiambo, T. Rotich, I. Orgut, S. Kihara, M. Otiende, C. Bottomley, Z. N. Mupe, E. W. 
Kagucia, K. E. Gallagher, A. Etyang, S. Voller, J. N. Gitonga, D. Mugo, C. N. Agoti, E. 
Otieno, L. Ndwiga, T. Lambe, D. Wright, E. Barasa, B. Tsofa, P. Bejon, L. I. Ochola-Oyier, 
A. Agweyu, J. A. G. Scott and G. M. Warimwe (2021). "Seroprevalence of anti–SARS-CoV-
2 IgG antibodies in Kenyan blood donors." Science 371(6524): 79-82. 
Uyoga, S., I. M. O. Adetifa, M. Otiende, C. Yegon, A. Agweyu, G. M. Warimwe and J. A. G. 
Scott (2021). "Prevalence of SARS-CoV-2 Antibodies From a National Serosurveillance of 
Kenyan Blood Donors, January-March 2021." JAMA. 
Viana, R., S. Moyo, D. G. Amoako, H. Tegally, C. Scheepers, C. L. Althaus, U. J. Anyaneji, 
P. A. Bester, M. F. Boni, M. Chand, W. T. Choga, R. Colquhoun, M. Davids, K. Deforche, 
D. Doolabh, L. du Plessis, S. Engelbrecht, J. Everatt, J. Giandhari, M. Giovanetti, D. Hardie, 
V. Hill, N.-Y. Hsiao, A. Iranzadeh, A. Ismail, C. Joseph, R. Joseph, L. Koopile, S. L. 
Kosakovsky Pond, M. U. G. Kraemer, L. Kuate-Lere, O. Laguda-Akingba, O. Lesetedi-
Mafoko, R. J. Lessells, S. Lockman, A. G. Lucaci, A. Maharaj, B. Mahlangu, T. Maponga, K. 
Mahlakwane, Z. Makatini, G. Marais, D. Maruapula, K. Masupu, M. Matshaba, S. Mayaphi, 
N. Mbhele, M. B. Mbulawa, A. Mendes, K. Mlisana, A. Mnguni, T. Mohale, M. Moir, K. 
Moruisi, M. Mosepele, G. Motsatsi, M. S. Motswaledi, T. Mphoyakgosi, N. Msomi, P. N. 
Mwangi, Y. Naidoo, N. Ntuli, M. Nyaga, L. Olubayo, S. Pillay, B. Radibe, Y. Ramphal, U. 
Ramphal, J. E. San, L. Scott, R. Shapiro, L. Singh, P. Smith-Lawrence, W. Stevens, A. 
Strydom, K. Subramoney, N. Tebeila, D. Tshiabuila, J. Tsui, S. van Wyk, S. Weaver, C. K. 
Wibmer, E. Wilkinson, N. Wolter, A. E. Zarebski, B. Zuze, D. Goedhals, W. Preiser, F. 
Treurnicht, M. Venter, C. Williamson, O. G. Pybus, J. Bhiman, A. Glass, D. P. Martin, A. 
Rambaut, S. Gaseitsiwe, A. von Gottberg and T. de Oliveira (2022). "Rapid epidemic 
expansion of the SARS-CoV-2 Omicron variant in southern Africa." Nature. 
Wall, E. C., M. Wu, R. Harvey, G. Kelly, S. Warchal, C. Sawyer, R. Daniels, P. Hobson, E. 
Hatipoglu, Y. Ngai, S. Hussain, J. Nicod, R. Goldstone, K. Ambrose, S. Hindmarsh, R. 
Beale, A. Riddell, S. Gamblin, M. Howell, G. Kassiotis, V. Libri, B. Williams, C. Swanton, 
S. Gandhi and D. L. V. Bauer (2021). "Neutralising antibody activity against SARS-CoV-2 
VOCs B.1.617.2 and B.1.351 by BNT162b2 vaccination." The Lancet 397(10292): 2331-
2333. 
Wilkinson, E., M. Giovanetti, H. Tegally, J. E. San, R. Lessels, D. Cuadros, D. P. Martin, A.-
R. N. Zekri, A. K. Sangare, A.-S. Ouedraogo, A. K. Sesay, A. Hammami, A. A. Amuri, A. 
Sayed, A. Rebai, A. Elargoubi, A. J. Trotter, A. K. Keita, A. A. Sall, A. Kone, A. Souissi, A. 
V. Gutierrez, A. J. Page, A. Iranzadeh, A. Lambisia, A. Sylverken, A. Ibrahimi, B. Dhaala, B. 
Kouriba, B. Kleinhans, C. Brook, C. Williamson, C. B. Pratt, C. G. Akoua-Koffi, C. N. 
Agoti, C. M. Morang’a, D. J. Nokes, D. J. Bridges, D. L. Bugembe, D. Baker, D. Doolabh, D. 
Ssemwanga, D. Tshabuila, D. Bassirou, D. S. Y. Amuzu, D. Goedhals, D. Maruapula, E. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


Foster-Nyarko, E. K. Lusamaki, E. Simulundu, E. Moraa, E. N. Ngabana, E. E. Fahime, E. 
Jacob, E. Lokilo, E. Mukantwari, E. Belarbi, E. Simon-Loriere, E. A. Anoh, F. Leendertz, F. 
Ajili, F. Wasfi, F. T. Takawira, F. Derrar, F. Bouzid, F. M. Muyembe, F. Tanser, G. K. 
Mbunsu, G. Thilliez, G. Kay, G. Githinji, G. v. Zyl, G. A. Awandare, G. Schubert, G. P. 
Maphalala, H. C. Ranaivoson, H. Lemriss, H. Abe, H. H. Karray, H. Nansumba, H. A. 
Elgahzaly, H. Gumbo, I. Smeti, I. B. Ayed, I. B.-B. Boubaker, I. Gaaloul, I. Gazy, I. 
Ssewanyana, J. B. Lekana-Douk, J.-C. C. Makangara, J.-J. M. Tamfum, J.-M. Heraud, J. G. 
Shaffer, J. Giandhari, J. Li, J. Yasuda, J. Q. Mends, J. Kiconco, J. Morobe, J. N. Nkengasong, 
J. O. Gyapong, J. T. Kayiwa, J. A. Edwards, J. Gyamfi, J. Farah, J. M. Ngoi, J. Namulondo, 
J. C. Andeko, J. J. Lutwama, J. O’Grady, K. A. Tumedi, K. M. Said, K. Hae-Young, K. O. 
Duedu, L. Belyamani, L. Singh, L. d. O. Martins, M. Mine, M. Ramuth, M. Mastouri, M. 
Aouni, M. e. Hefnawi, M. I. Matsheka, M. Kebabonye, M. Turki, M. M. Nyaga, M. Mareka, 
M. Damaris, M. Cotten, M. W. Mburu, M. Mpina, M. Owusu, M. R. Wiley, M. A. Ali, M. 
Abouelhoda, M. G. Seadawy, M. K. Khalifa, M. Sekhele, M. Ouadghiri, M. Mwenda, M. 
Allam, M. V. T. Phan, N. Abid, N. Touil, N. Kharrat, N. Ismael, N. Mabunda, N.-y. Hsiao, N. 
B. Silochi, N. Saasa, N. Mulder, P. Combe, P. Semanda, P. E. Oluniyi, P. Arnaldo, P. K. 
Quashie, P. A. Bester, P. Dussart, P. K. Mbala, P. Kaleebu, R. Ayivor-Djanie, R. Njouom, R. 
O. Phillips, R. Gorman, R. A. Kingsley, R. A. A. Carr, S. E. Kabbaj, S. Gargouri, S. 
Masmoudi, S. Kassim, S. Trabelsi, S. Kammoun, S. Lemriss, S. H. Agwa, S. Calvignac-
Spencer, S. Doumbia, S. M. Mandanda, S. Aryeetey, S. S. Ahmed, S. Moyo, S. Gaseitsiwe, 
S. Lekana-Douki, S. Prosolek, S. Ouangraoua, S. A. Mundeke, S. Rudder, S. Panji, S. Pillay, 
S. Engelbrecht, S. Nabadda, S. Behillil, S. L. Budiaki, S. van der Werf, T. Mashe, T. Aanniz, 
T. Mohale, T. Le-Viet, T. Schindler, U. J. Anyaneji, U. Ramphal, V. Fonseca, V. Enouf, V. 
Gorova, W. H. Roshdy, W. K. Ampofo, W. Preiser, W. T. Choga, Y. Bediako, Y. K. Tebeje, 
Y. Naidoo, Z. R. de Laurent, S. K. Tessema and T. de Oliveira (2021). "A year of genomic 
surveillance reveals how the SARS-CoV-2 pandemic unfolded in Africa." medRxiv: 
2021.2005.2012.21257080. 

 

 

Acknowledgments:  

 

Funding:  
 

The National Institute for Health Research (NIHR) (project references 17/63/82 and 

16/136/33) using UK aid from the UK Government to support global health research, 

The UK Foreign, Commonwealth and Development Office (FCDO grant #), 

 Wellcome Trust (grant#220985/Z/20/Z), KEMRI Internal Research Grant (Grant # 

KEMRI/COV/SPE/012, The Armed Forces Health Surveillance Division (AFHSD) 

and its Global Emerging Infections Surveillance and Research Branch (ProMIS ID 

P0136_19_KY and P152_20_KY. The opinions or assertions contained herein are 

the private views of the author, and they are not to be construed as official, or as 

reflecting true views of the Department of the Army or the Department of Defence. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted October 27, 2022. ; https://doi.org/10.1101/2022.10.26.22281446doi: medRxiv preprint 

https://doi.org/10.1101/2022.10.26.22281446
http://creativecommons.org/licenses/by-nc-nd/4.0/


The views expressed in this publication are those of the author (s) and not 

necessarily those of NIHR or the Department of Health and Social Care, Foreign 

Commonwealth and Development Office.  

 

 

Figure legends 

 
Figure.1: Epidemiological and lineage dynamics of SARS-CoV-2 in Kenya. A. A plot 
showing the Oxford composite restriction index for Kenya between March 2020 and 
September 2022.  B.  A plot showing the daily number of SARS-CoV-2 cases over the cause 
of the epidemic in Kenya characteristics by waves of infections between March 2020 and 
September 2022. C. The lower plot shows the major variants associated with each of the 
wave. Colour denotes each of the variants including the variants of concern and variants of 
interest circulating at the time. D. A map of Kenya showing the counties and the distribution 
of sequenced genomes per county. The major roads and points of entry are indicated. E.  An 
age distribution plot of the percentage of sequenced cases compared to the percentage of 
the confirmed SARS-CoV-2 positive cases.  
 
 
Figure 2:  A bar plot showing a summary of the temporal profile for each of the VOC and the 
respective sub-lineages in Kenya and the normalised temporal profile of the circulating 
lineages for each for each of the VOCs across the globe that were circulating at the time.   
B. A bubble plot summary of all the major circulating SARS-CoV-2 lineages and sub-
lineages in Kenya, between December 2020 and September 2022. 
 

Figure 3: Time resolved maximum likelihood phylogeny of Kenyan SARS-CoV-2 genomes 
(n=8,438) against a background global SARS-CoV-2 genomes (n=5,592) collected from 184 
countries. The clustering of variants of concern, Alpha, Beta, Delta, and Omicron lineages 
circulating in Kenya are shown in respectively. The A.23.1 lineage circulating in Uganda and 
Kenya is denoted in xxx. All other lineages are shown in grey. 
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