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Chapter 3

HIV-1 in a rural coastal town in Kenya 
shows multiple introductions with many 
subtypes and much recombination.
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ABSTRACT

The extent of HIV-1 diversity was examined among patients attending a rural district hospital 

in a coastal area of Kenya. The pol gene was sequenced in samples from 153 patients. 

Subtypes were designated using REGA, SCUEAL and jpHMM programmes. The most com-

mon subtype was A1, followed by C and D; A2 and G were also detected. However, a 

large proportion of the samples were found to be recombinants, which clustered within the 

pure subtype branches. Phylogeographic analysis of Kilifi sequences compared with those 

from other regions of Africa showed that while many sequences were closely related to se-

quences from Kenya others were most closely related to known sequences from other parts 

of Africa, including West Africa. Overall, these data indicate that there have been multiple 

introductions of HIV-1 into this small rural town and surrounds with ongoing diversity being 

generated by recombination.
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HIV-1 is comprised of 4 groups (M, N, O, and P) with HIV-1 M being much the most common 

infection. HIV-1 M group is subdivided into 9 pure subtypes (A-D, F, G, H, J, and K), some of 

which may be further subdivided into sub-subtypes (eg A1, A2 etc)1. There is considerable 

geographic influence on circulating subtypes with some countries having a very high propor-

tion of infections of a single subtype, for example, HIV-1 in North America is predominantly 

subtype B while subtype C predominates in Southern Africa. However, multiple subtypes co-

exist in populations and this can lead to the generation of inter-subtype recombinant forms.

It has been postulated that HIV-1 subtypes A and D were introduced into East Africa after 

1950 and spread exponentially during the 1970s, with the rapid spread in part being due 

to the strong interconnectivity between major population centres in the area2. Studies in 

Kenya, mainly based in Nairobi, have confirmed the predominance of subtype A with sub-

type D being much less common, with occasional other subtypes and recombinants being 

detected3,4. In a full genome characterisation of 41 strains from blood donors in 1999-2000 it 

was found that 25 (61%) were pure subtype (23 A1, 1 C and 1 D) and the rest inter-subtype 

recombinants of which A1-D was predominant (15%) then A2-D and A1-C (both 7%) with 

A1-A2-D, A1-C-D, A1-G, and C-D also found5.

It has previously been reported that, using a fragment of env gene of 86 samples from the 

Kenyan coastal strip, including 27 samples from Kilifi, 86% of samples were subtype A1, 5% 

were subtype C, 8% were subtype D and 1% was subtype G6. Full-length genome sequenc-

ing of samples from 21 individuals from Mombasa found a 74% of 23 isolates had pure 

subtype A strains while the rest were recombinants, including A-D, D-G, A-C, A-A2-C-D7.

Here we report on the subtype diversity of HIV-1 infections among patients attending the 

comprehensive care and research clinic (CCRC, HIV clinic) at Kilifi District Hospital (KDH), 

Kenya, looking at pol gene sequences from 153 individuals attending the clinic. We confirm 

the predominance of subtype A1 but also report the presence of multiple other subtypes (A2, 

C, D, G) together with many novel recombinants. We further analyse the phylogeography of 

the sequences and show that there have been multiple introduction of HIV-1 into the area.

Kilifi is a small town serving a mainly rural population of about 250,000 in coastal Kenya 

about 50 km north of Mombasa. It lies on the main coastal tarmac road between Mom-

basa and Somalia, at a crossing point of the estuary of the Kilifi River, with most of the 

population being rural subsistence farmers. The prevalence of HIV-1 in the coastal province 

of Kenya in 15-49 year olds is estimated at 8.1% (male 6.7%, female 8.9%)8. KDH is a 

government hospital that has been providing comprehensive HIV services including free 

anti-retroviral therapy (ART) and prevention of mother to child transmission since 2004. At 
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the end January 2010, 2,618 patients were on active follow up in the HIV clinic, 47% of 

whom were on ART.

All samples were collected from attendees at the HIV clinic between July 2008 and June 2009, 

and were either new diagnoses (n=121) or patients undergoing treatment with antiretroviral 

therapy (n=32). Overall, 72% of patients were female and 23% were children.

Population sequencing of 1245 nucleotides was carried out on PCR amplicons to give sequence 

for codons 5-99 of protease and 1-320 of reverse transcripase using in-house methods. The 

sequences have accession numbers HQ441597-HQ441749. The sequences were manually 

aligned using the sequence editor Se-Al v2.0 (http://tree.bio.ed.ac.uk/software/seal/). Subtypes 

were assigned to the sequences using 3 methods, SCUEAL9, using the default reference 

sequences, REGA version 2.0 (http://dbpartners.stanford.edu/RegaSubtyping/), and jpHMM10. 

With all three methods, the default settings, including window size, were used. SCUEAL sub-

type designation of A or ancestral A were called as A1, based on the phylogenetic clustering.

Considerable complexity was observed in the subtypes of the samples, with 42/153 (27%) of 

the samples not giving concordant results using all 3 methods. However, by all methods sub-

type A1 was the most common, comprising 54% of samples by SCUEAL, 59% by jpHMM, 

and 61% by REGA. The next most common subtypes were C, 8% by SCUEAL and jpHMM 

and 9% by REGA, and D, 9% SCUEAL and REGA and 10% by jpHMM.

The jpHMM analysis did not detect any pure A2 sequences whereas 1% by SCUEAL and 9% 

by REGA of samples were found to be A2 although there were no samples found to be A2 

by both these latter methods. One sample was designated subtype G by all 3 methods. The 

rest of the samples were inter-subtype recombinants (27% by SCUEAL, 23% by jpHMM and 

12% by REGA). The subtype designations by all three methods are summarised in Table 1.

Inter-subtype recombinants detected by the various methods included A1-AE, A1-A2, A1-A2-

B, A1-A2-D, A1-C, A1-D, A2-B, A2-D, AE-C, B-C, C-D, CRF-16-like. Concordance between 

all three methods as to the constituents of the recombinant sequences was present for only 

8 samples. The detection of subtype B sequences in 5 sequences by jpHMM and in 1 by 

SCUEAL was surprising given the rarity of subtype B in Africa, though the lack of agreement 

between the methods in detection of this subtype possibly indicates that this was an artefact. 

In addition, some recombinants were designated as “complex” or had regions that were not 

classified and where there was a lack of high confidence in the subtype designations and 

breakpoints. These sequences included multiple subtypes and may be the consequence of 

further recombination between recombinants.
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The phylogeny of the 153 Kilifi sequences together with HIV-1 subtype A1, A2, B, C, D, G, 

CRF01_AE and CRF02_AG reference sequences from the Los Alamos HIV sequence database 

(http://www.hiv.lanl.gov/) was reconstructed using the program MrBayes v.3.1.211, under the 

general time reversible (GTR) model of nucleotide substitution with gamma-distributed rate 

heterogeneity. The GenBank accession number of the Los Alamos reference sequences is as 

follows: A (AB004885, AB253429, DQ253421, DQ676872), A2 (AF286237, AF286238), B 

(AY173951, AY253311, AY331295, AY423387, K03454, K03455), C (AF067155, AY772699, 

U46016, U52953), D (AY371157, U88824), G (AF061641, AF084936, AY612637, U88826), 

AE (AB220944, U54771) and AG (AY271690, L39106). The Bayesian Markov chain Monte 

Carlo (MCMC) search was set to 8,000,000 iterations, with trees sampled every 100th 

generations. Convergence of the estimates was determined with the software Tracer v1.5 

(http://tree.bio.ed.ac.uk/software/tracer/), as indicated by an effective sampling size > 200. A 

maximum clade credibility tree (MCCT) was selected from the sampled posterior distribution 

Table 1: Subtype designations by SCUEAL, REGA and jpHMM

Subtype
Frequency by
SCUEAL % (n)

Frequency by
REGA % (n)

Frequency by
jpHMM % (n)

A1 54% (82) 61% (93) 59% (90)

A1-AE recombinant 1% (2)

A1-C recombinant 1% (2) 2% (3) 2% (3)

A1-D recombinant 7% (10) 5% (8) 7% (11)

A1-Unknown <1% (1)

A1-A2 recombinant 1% (2) 1% (2)

A1-A2-Unknown 1% (2)

A1-A2-B 1% (2)

A1-A2-D recombinant 2% (3)

A2 1% (2) 9% (13)

A2-B 2% (3)

A2-D recombinant 3% (4) 3% (5)

AE-C recombinant <1% (1)

B-C recombinant <1% (1)

C 8% (12) 9% (14) 8% (13)

C-D recombinant <1% (1) 2% (3) <1% (1)

C-Unknown <1% (1)

CRF16-like 3% (5)

Complex 10% (16) <1% (1)

D 9% (14) 9% (14) 10% (16)

D-Unknown

G <1% (1) <1% (1) <1% (1)

Unknown <1% (1)
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Figure 1: Phylogeny of the 153 HIV-1 isolates from Kilifi. A maximum clade credibility tree was retrieved 
from a posterior distribution of Bayesian MCMC 10000 trees, under the GTR+G model of nucleotide 
substitution. Branches are coloured according to the HIV-1 subtype assigned by the program SCUEAL. 
HIV subtype reference sequences are indicated in black, with the corresponding GenBank accession 
number. Differences with REGA subtype assignations are indicated in brackets. Bayesian posterior prob-
abilities of 1.00 and above 0.90 are shown on the branches by two and one asterisks respectively. 
Discordant sequences are indicated as #1 to #14. Branch lengths indicate the number of substitutions 
per nucleotide sites.
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with the program TreeAnnotator version 1.5.2 (http://beast.bio.ed.ac.uk/), after discarding 

trees corresponding to a 20% burnin. The MCCT Tree was edited with the program FigTree 

version 1.1.2 (http://tree.bio.ed.ac.uk/software/figtree/).

Figure 1 shows the relatedness of the sequences derived from patients from Kilifi to each 

other and to pure subtype sequences from the Los Alamos database, along with an indi-

cation of their subtype designation according to SCUEAL. There are large clusters mostly 

corresponding to the samples’ subtype designation, ie A1, A2, C, and D but most of the 

sub-clusters show sequence variability greater than 5% indicating multiple separate intro-

ductions of viruses. Surprisingly, sequences designated as A1 and A2 did not group together 

in the tree, as would be expected from sub-subtypes. Only 4 pairs of sequences clustered 

very closely together such as to indicate being related by close transmission events (pairwise 

genetic distance <0.015 substitutions per nucleotide site and Bayesian posterior probability 

of 1.00). These include 2 pairs of A1 sequences, 1 pair of an A2-D recombinant and 1 pair 

of subtype C sequences. Within each subtype cluster, there were also many recombinant 

viruses, but close relationships between the recombinants were seldom seen (Figure 1).

Many of the recombinants picked up by SCUEAL or jpHMM were ‘sporadic’, i.e. they stemmed 

out of a region of pure subtype, and had unique recombination patterns. Thus, some clusters 

with high statistical support in the tree in Figure 1 contained sequences of different subtypes, 

including complex recombinants. In Figure 1, these “discordant” sequences are indicated 

by a ‘hash’ sign (#) and their deduced major parental subtype is shown in Table 2. These 

are possibly indicative of de novo recombination. Some of these sporadic samples, such as 

discordant sequence #14, arose out of clusters of recombinant viruses eg A1-D, and showed 

evidence of further subtype sequence. By SCUEAL this mosaic sequence contained C, CRF21, 

D and A2 sequences and by REGA, C and D. Thus it appears that the ‘sporadic’recombinants 

were mosaics between an older recombinant form and another subtype.

In order to investigate the migration patterns of the Kilifi isolates, phylogeographic analyses 

were conducted using the Bayesian probabilistic model developed by Lemey et al.12 .The 

Kilifi sequences were grouped per subtype and compared to HIV-1 pol genes sequences of 

African origin available on the Los Alamos HIV sequence database (http://www.hiv.lanl.gov/

content/index). These comprised 226 subtype A sequences, 170 subtype C sequences, 73 

subtype D sequences, 21 subtype G sequences, 216 CRF16-like sequences and 180 A-like 

complex recombinant forms. Each sequence was assigned a geographic state corresponding 

to its country of sampling, and ancestral state reconstruction along the sequences’ phy-

logeny was performed using the program BEAST version 1.5.213. Trees were reconstructed 

under the General Time Reversible model of nucleotide substitution with gamma-distributed 

rate heterogeneity, a relaxed molecular clock and a Bayesian Skyline coalescent prior. The 
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Bayesian MCMC searches were set to 3,000,000 iterations, with trees sampled every 1000th 

generations. Maximum clade credibility trees (MCCTs) were selected as described above. For 

each subtype-specific MCCT trees, phylogenetic clusters supported by a Bayesian posterior 

probability > 90 were considered significant, and the most probable origin of clusters includ-

ing one or more Kilifi sequence was recorded when associated to a Bayesian probability of 

0.95 or more.

The sequences described here were compared with sequences of African origin from the 

Los Alamos database in order to determine the most likely geographic origin of the nearest 

related strain. Overall 112/153 (73%) of the sequences could be linked to other sequences in 

the database derived from Kenyan samples. Choosing a Bayesian probability of 0.95 for the 

assignment of the most probable origin of a cluster gave the following results:

Subtype A1: 8/9 clusters with a Kenyan origin (probability 0.99 or 1.00), three of which also 

included sequences from Uganda, 1 from Tanzania and 1 from Senegal.

Subtype A2: Two samples lay in separate clusters on the tree, none of which had a geo-

graphical match.

Table 2. Subtype origin of discordant clusters

Discordant Clusters (Indicated on the tree)*

Number of sequences Subtype** Parent subtype Support***

#1 1 Complex A1 0.46

#2 2 Both A1-D A1 1.00

#3 1 Complex A1 0.96

#4 1 A1-D A1 0.70

#5 1 A1 A1 1.00

#6 1 A1-AE A1 1.00

#7 1 A1-AE A1 1.00

#8 1 Complex A1 0.93

#9 1 Complex A1 1.00

#10 1 A2-D A2 0.98

#11 2 Both A2-D A2 0.99

#12 1 complex A2 0.99

#13 2 Complex A2 0.99

#14 1 Complex A1-D 1.00

#15 1 Complex A1-D 0.78

* recombinants with no obvious parent cluster (i.e. singletons) were excluded
**A_Ancestral/A1 and A1/A recombinants considered as A1
*** Bayesian posterior probability of the cluster comprising the recombinant sequence
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Subtype C: There were 5 separate Kilifi clusters two of which had either a Kenyan (probability 

0.99) or Tanzanian (probability 0.96) origin, while the remaining 3 clusters had no close 

geographic link.

Subtype D: Of nine clusters only 1 had a Kenyan origin (probability 0.97)

Subtype G: no strongly supported geographical match

Thus overall, most A1 sequences appeared to have originated in Kenya while many of the 

other strains had widely dispersed or unknown origins.

The study reported here confirms and extends the observations that the HIV-1 epidemic in 

Kenya is highly diverse. It would appear that even within a relatively small geographic area 

(~900 km2), with a population of about 250,000 served by one main HIV clinic, there have 

been (and probably still are) many separate introductions of the virus. Multiple subtypes were 

detected and for many their origins apparently lay elsewhere in Africa (including Senegal, 

Botswana, Tanzania, Zaire, and other parts of Kenya). Not surprisingly, given such a melting 

pot of infections, numerous recombinant forms of the virus were also detected.

The designation of subtypes for these samples was challenging due to the large numbers of 

recombinants, most previously not described. There was some disagreement between the 3 

methods used to determine the subtypes, particularly where one programme designated the 

sequence as a recombinant, possibly reflecting differences in the reference sequences used 

by the programmes. In addition, it was found that SCUEAL did not always provide the same 

output when highly complex recombinant sequences were repeatedly tested, probably due 

to SCUEAL being a randomised algorithm.

The phylogeographic analysis of these sequences showed that many were related to previ-

ously described samples from Kenya, particularly those of A1 subtype. However, a substantial 

proportion showed clustering with strains from elsewhere in Africa including Senegal in 

West Africa, or else had no close match with African sequences in the Los Alamos database. 

This may be a reflection of the extensive transport links from Kilifi by road and railway (from 

Mombasa) into the centre of Africa via Nairobi and then onwards to Kampala and Rwanda 

and also along the coast, since the distribution of HIV-1 in East Africa has been postulated 

to be associated with transport links2. In addition, Mombasa is a major port with extensive 

worldwide shipping links. It is likely that there will be continuing importation of new strains 

of HIV-1 into the area resulting in the emergence of yet more complex recombinants.
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