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Background Minimal influenza surveillance has been carried out

in sub-Saharan Africa to provide information on circulating

influenza subtypes for the purpose of vaccine production and

monitoring trends in virus spread and mutations.

Objective The aim of this study was to investigate a

surveillance program in Kenya to isolate and characterize

influenza viruses.

Results In the 2006–2007 influenza season, nine influenza A

viruses were isolated. All were of H3N2 subtype with key amino

acid (aa) changes indicating that they were more closely related to

recent World Health Organization recommended vaccine strains

than to older vaccine strains, and mirroring the evolution of

circulating influenza A globally. Hemagglutination inhibition data

showed that the 2006 Kenya isolates had titers identical to the

2005–2006 H3N2 vaccine strain but two- to threefold lower titers

to the 2006–2007 vaccine strain, suggesting that the isolates were

antigenic variants of the 2006–2007 vaccine strains. Analysis of aa

substitutions of hemagglutinin-1 (HA1) protein of the 2006

Kenyan viruses revealed unique genetic variations with several aa

substitutions located at immunodominant epitopes of the HA1

protein. These mutations included the V112I change at site E, the

K 173 E substitution at site D and N 278 K change at site C,

mutations that may result in conformational change on the HA

molecule to expose novel epitopes thus abrogating binding of pre-

existing antibodies at these sites.

Conclusion Characterization of these important genetic variations

in influenza A viruses isolated from Kenya highlights the

importance of continuing surveillance and characterization of

emerging influenza drift variants in sub-Saharan Africa.
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Background

Identification and characterization of circulating serotypes

and genotypes of influenza viruses can assist detection of

viral antigenic drifts and shifts – phenomena that underlie

epidemics and pandemics.1 Influenza surveillance also

allows for the identification and selection of appropriate

virus components for inclusion in the annual formulation

of influenza vaccines.2,3 The recent emergence of novel,

highly virulent H5N1 influenza A subtype has heightened

global concern about the onset of an influenza pandemic.4–6

In response, influenza monitoring and pandemic prepared-

ness are being implemented globally.7–9

Despite strong anecdotal evidence of frequent

acute upper respiratory infections, sub-Saharan Africa

has not conducted influenza surveillance. To begin to

address this, a partnership between the US Army Medi-

cal Research Unit-Kenya, Kenya Medical Research Insti-

tute (KEMRI), Kenya Ministry of Health and the

Centers for Disease Control and Prevention-Kenya was

established to undertake influenza surveillance activities

in Kenya, under the World Health Organization’s

(WHO) global influenza surveillance program.2,3 In

this report, we present genetic analysis data of the initial

nine influenza A isolates, all belonging to the H3N2

subtype.

DOI:10.1111/j.1750-2659.2008.00044.x

www.blackwellpublishing.com/influenza
Original Article

Journal compilation ª 2008 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 2, 107–113

No claim to original US government works 107



Materials and methods

Collection of clinical samples and influenza virus
isolations
The following hospitals comprised the active surveillance

field sites: Mbagathi, New Nyanza, Malindi, Isiolo, Momba-

sa Port Reitz, and Kericho (Figure 1). Study sites were

selected based on geographic regions and population

demographics.

Patients over 2 months of age and presenting at hospital

outpatient clinics with fever (‡38�C) and either cough or

sore throat were recruited by dedicated project Clinical

Officers. Subjects with exudative pharyngitis or tonsillitis

or symptom onset >72 hours were excluded from enroll-

ment. None of the patients sampled had previously been

vaccinated against influenza. Informed consent and assent

approved by the KEMRI and the Walter Reed Army Insti-

tute of Research institutional review boards was obtained

from all participating patients. Patients’ age, sex, occupa-

tion, residence, workplace, history of influenza-like illness

within household, travel history, and animal contact were

ascertained and a clinical examination completed.

Duplicate nasopharyngeal samples were collected using a

cotton swab and placed in a 1 ml cryovial containing virus

transport medium, kept at 4�C, and stored in a liquid

nitrogen dry shipper within 8 hours of collection. All sam-

ples were transported from the surveillance sites to the

National Influenza Center (NIC) laboratory within one

week. The cold chain was maintained throughout. Speci-

mens were received weekly and tested for both influenza A

and B.

Virus isolation
Influenza virus isolations were performed at the NIC

located at KEMRI Nairobi Kenya, using Madin-Darby

canine kidney (MDCK) cells. Serotyping was performed by

hemagglutination inhibition assay (HAI) using guinea pig

red blood cells and reference antiserum in accordance with

Centers for Disease Control and Prevention (CDC) proto-

cols.10 Briefly, inoculated cells were incubated at 37�C with

5% CO2 for 10 days to allow development of cytopathic

effects (CPE). Supernatant fluid was collected from MDCK

cultures showing CPE and the hemagglutination titer deter-

mined.10 Subsequent HAI testing was only performed on

specimens showing high titers of virus. Isolates with low

hemagglutination titers were passaged further in MDCK

cells. The guinea pigs used to provide blood for HA and

HAI assays were reared under animal care in accordance

with KEMRI guidelines.

Polymerase chain reaction
Isolates were sent to the Air Force Institute of Operational

Health (AFIOH), San Antonio, TX where they were geno-

typed.11,12 Isolates confirmed at AFIOH were forwarded to

the WHO Influenza Collaborating Centre at CDC, Atlanta,

USA.

RNA was extracted from 48-hour shell vial cultures at

AFIOH using the M48 BioRobot and Mag Attract Virus

Mini M48 Kit (Qiagen, Inc., Valencia, CA, USA) according

to the manufacturers’ protocols. For RT-PCR, the hemag-

glutinin-1 (HA1) gene forward primer designated H3-F7

(5¢-ACTATCATTGCTTTGAGC-3¢) and the reverse primer

H3R-1184 (5¢-ATGGCTGCTTGAGTGCTT3¢) were used.

The reaction consisted of 5 ll RNA, 400 nmol ⁄ l of each of

the primers and the master mixture containing buffer and

enzymes following the Superscript III One-Step RT-PCR

protocol from the manufacturer (Invitrogen, Carlsbad, CA,

USA). The thermocycling conditions included 40 cycles of

94�C for 15 seconds, 52�C for 30 seconds, and 68�C for

75 seconds, with a final extension cycle at 68�C for 5 min-

utes. All PCR products were purified and sequenced using

the Big Dye Terminator v3Æ1 Kit (Applied Biosystems, Fos-

ter City, CA, USA). The sequencing primers included the

H3-F7 and H3R-1184 primers and two internal primers

designated as H3R-466 (5¢-GGTGCAACCAATTCAATC-3¢)
and H3F-282 (5¢-CAGCAACTGTTACCC-3¢).

HA1 nucleotide sequencing and genetic analyses
Nucleotide sequencing was performed and analyzed using

an ABI 3130xl Genetic Analyzer (Applied Biosystems)

according to the manufacturers’ specifications. Nucleotide

contigs were assembled using the Contig Assembly program
Figure 1. Site locations for the influenza surveillance in Kenya. The

sites cover regions of the country where majority of the populace live.

Bulimo et al.

Journal compilation ª 2008 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 2, 107–113

108 No claim to original US government works



of Bioedit.13 Protein translations were performed using DS

Gene version 1.5 (Accelrys Inc., Cambridge, UK). Multiple

sequence alignments were performed with muscle version

3.6.14 Phylogenetic analyses were performed with the mega

version 3.1.15 Three-dimensional HA protein structures

were generated using Swiss Model16,17 and visualized and

annotated by the rasmol version 2.7.3.18,19 The predicted

amino acid (aa) sequences for the 2006–2007 Kenya isolates

were submitted to GenBank under accession numbers

ABM98421.1, ABM98422.1, ABW34445.1, ABW34446.1,

ABW34450, ABS00300, ABS00301, ABS00302, and

ABS00303.

Results

A total of 1014 nasopharyngeal specimens were obtained

from patients with influenza like illness at outpatient clinics

of the six hospitals during the first 9 months of the surveil-

lance program. Although the ages of the subjects ranged

from 2 months to 36 years, most (82Æ8%) were below

5 years of age and 519 (51%) were male. None were previ-

ously vaccinated against influenza. Nine specimens (0Æ9%)

tested positive for influenza A (H3N2) by isolation. The

first four influenza A isolates designated as A ⁄ Nai-

robi ⁄ 2041 ⁄ 2006 (H3N2), A ⁄ Nairobi ⁄ 5842 ⁄ 2006 (H3N2),

A ⁄ Kenya ⁄ AF5626 ⁄ 2006 (H3N2), and A ⁄ Kenya ⁄ AF5627 ⁄
2006 (H3N2) were obtained between July and September

2006. Five other isolates designated as A ⁄ Kenya ⁄ AF1055 ⁄
2007 (H3N2), A ⁄ Kenya ⁄ AF1056 ⁄ 2007 (H3N2), A ⁄ Kenya ⁄
AF1057 ⁄ 2007 (H3N2), A ⁄ Kenya ⁄ AF1058 ⁄ 2007 (H3N2),

and A ⁄ Kenya ⁄ AF5618 ⁄ 2007 (H3N2) were isolated during

the first quarter of 2007. All isolates obtained in 2006 were

obtained from Nairobi. In contrast, the 2007 isolates came

from across the country, namely: two from western Kenya

(New Nyanza Provincial hospital), one from Rift Valley

(Kericho district hospital) and two from Nairobi (Mbagathi

district hospitals) (Figure 1).

The HAI assays were performed using post-infection fer-

ret antisera provided by WHO with reference antigens that

included the 2005–2006 southern and northern hemisphere

H3N2 vaccine strains [A ⁄ California ⁄ 7 ⁄ 2004 (H3N2) and

A ⁄ New York ⁄ 55 ⁄ 2004 (H3N2)], which are antigenically

similar. All the 2007 isolates were antigenically equivalent

to A ⁄ Wisconsin ⁄ 67 ⁄ 2005, the vaccine strain of 2007 (data

not shown). Antigenically, all the four 2006 Kenyan isolates

were identical to A ⁄ California ⁄ 07 ⁄ 2004 and A ⁄ New

York ⁄ 55 ⁄ 2004 – variants of the 2006 vaccine component,

but showed a two fold reduction in HAI titers when com-

pared with A ⁄ Wisconsin ⁄ 67 ⁄ 2005, which was the vaccine

strain for 2007 (Table 1). Compared to A ⁄ Hiro-

shima ⁄ 52 ⁄ 2005, A ⁄ Nairobi ⁄ 2041 ⁄ 2006 and A ⁄ Ke-

nya ⁄ AF5626 ⁄ 2006 displayed a three fold reduction in HAI

titers while A ⁄ Nairobi ⁄ 5842 ⁄ 2006 and A ⁄ Ke-

nya ⁄ AF5627 ⁄ 2006 had twofold lower HAI titers (Table 1).

These results indicate that as expected, the 2006 Kenyan

isolates were antigenically identical to the 2006 vaccine

strains.

Molecular subtyping confirmed the H3N2 subtyping for

all the nine Kenya isolates. The viruses were further charac-

terized by comparing the nucleotide (nt) sequences of the

HA1 region of the HA gene. The A ⁄ Nairobi ⁄ 2041 ⁄ 2006

had 100% nt sequence identity with A ⁄ Kenya ⁄ AF5626 ⁄ 2006

whereas A ⁄ Nairobi ⁄ 5842 ⁄ 2006 was also identical (100%) to

A ⁄ Kenya ⁄ AF5627 ⁄ 2006. Minimal (0Æ1%) nt sequence varia-

tions were observed between A ⁄ Nairobi ⁄ 5842 ⁄ 2006 and

A ⁄ Nairobi ⁄ 2041 ⁄ 2006, and between A ⁄ Kenya ⁄ AF5626 ⁄ 2006

and A ⁄ Kenya ⁄ AF5627 ⁄ 2006. All the 2006 Kenyan isolates

had 100% aa sequence identity with each other. At the aa

level, the five 2007 isolates were identical except for A ⁄ Ke-

nya ⁄ AF1056 ⁄ 2007 (H3N2) and A ⁄ Kenya ⁄ AF1057 ⁄ 2007

(H3N2) which had a G50E change. This aa change is pres-

ent in the A ⁄ Brisbane ⁄ 10 ⁄ 2007 (H3N2) strain which is the

recommended 2008 southern hemisphere vaccine strain

(Figure 2).

Table 1. Hemagglutination inhibition

reactions of the 2006 Kenyan influenza A

(H3N2) viruses whereas

A ⁄ Nairobi ⁄ 2041 ⁄ 2006 is antigenically

identical to A ⁄ Kenya ⁄ AF5626 ⁄ 2006,

A ⁄ Nairobi ⁄ 5842 ⁄ 2006 is identical to

A ⁄ Kenya ⁄ AF5627 ⁄ 2006

Reference ferret antisera

A ⁄ California ⁄
07 ⁄ 2004

A ⁄ New York ⁄
55 ⁄ 2004

A ⁄ Wisconsin ⁄
67 ⁄ 2005

A ⁄ Hiroshima ⁄
52 ⁄ 2005

Reference antigens

A ⁄ California ⁄ 07 ⁄ 2004 1280 320 320 320

A ⁄ New York ⁄ 55 ⁄ 2004 640 320 320 320

A ⁄ Wisconsin ⁄ 67 ⁄ 2005 320 160 1280 640

A ⁄ Hiroshima ⁄ 52 ⁄ 2005 160 160 640 1280

Test antigens

A ⁄ Nairobi ⁄ 5842 ⁄ 2006 1280 320 320 320

A ⁄ Nairobi ⁄ 2041 ⁄ 2006 1280 320 320 160

A ⁄ Kenya ⁄ AF5626 ⁄ 2006 1280 320 320 160

A ⁄ Kenya ⁄ AF5627 ⁄ 2006 1280 320 320 320

The 2006–2007 Kenyan influenza A (H3N2) genetic variant
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To determine the phylogenetic relationship of the Ken-

yan isolates with other circulating viruses globally, the pre-

dicted aa sequences for HA1 proteins of the four 2006

isolates were compared with the HA1 protein of the five

2007 Kenya isolates, South African isolates of the past

4 years, and the northern and southern hemisphere vaccine

strains from 1999 to 2007 (Figure 3). As shown in Figure 3,

the 2006 Kenya isolates clustered together with the 2006

South African isolates, forming a genetic variant distinct

from the H3N2 component of the northern and southern

Figure 2. The major amino acid changes

within region 1 of the HA proteins of

influenza A (H3N2) Kenyan isolates (2006–

2007), South African isolates (2004–2006),

and southern hemisphere vaccine strains

(1999–2008). All isolate names bear

corresponding gi database accession

numbers. Amino acid positions are shown

vertically.

Figure 3. The un-rooted consensus

phylogenetic tree expressing the relationship

between the HA1 amino acid sequences of

the Kenyan 2006–2007 isolates to southern

hemisphere vaccine strains used from 1999 to

2008 and South African isolates (2004–2006).

The tree was produced using Neighbor

Joining (NJ) method generated by mega 3.1

software.15 The phylogeny test was done by

Bootstrap based on 500 replications. The

accession numbers corresponding to the

protein sequences are given by the gi

numbers. The year for each southern

hemisphere vaccine strain is indicated on the

branches.
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hemisphere vaccine strains for 2005–2008 (A ⁄ Welling-

ton ⁄ 1 ⁄ 2004, A ⁄ California ⁄ 7 ⁄ 2004, A ⁄ Wisconsin ⁄ 67 ⁄ 2005,

and A ⁄ Brisbane ⁄ 10 ⁄ 2007).

Compared with vaccine strains from 1999 to 2007, 30 aa

substitutions were identified in the HA1 region of the

Kenya 2006 isolates. Six of the 30 aa substitutions; K2E,

I25V, V112I, K173E, S199P, and N278K were unique, never

having been detected in any vaccine strains of the past

eight years (Figures 2 and 4). More importantly, four of

the six aa substitutions (except K2E and I25V) were also

found in 2006–2007 H3N2 isolates from Eastern Europe

(internal WHO-share document). The other 22 aa substitu-

tion occurred more randomly among isolates evaluated. In

contrast, the aa sequence of the 2007 Kenya isolates were

identical to A ⁄ Brisbane ⁄ 10 ⁄ 2007 (H3N2) – the 2008 south-

ern hemisphere recommended vaccine strain – except for

a single L194P change. This aa change is present at the

immunodominant site B.

To better understand the immunologic and epidemiolog-

ic relevance of the unique aa substitutions observed in the

2006 Kenya isolates, we used the predicted aa sequence of

one of the 2006 isolates to develop a 3D model of the HA

protein, based on the X-ray crystal structural coordinates

of protein precursor; 1HA0.20 This 3D model revealed that

four of the six novel aa substitutions present in the 2006

Kenya isolates occupied immunodominant sites of the HA

protein (Figure 4).21 Thus, the V112I substitution was

located at site E, K173E at site D, S199P immediately adja-

cent to site B, and N278K adjacent to site C of the HA

protein (Figure 4).

Discussion

Kenya and most of Africa have not provided the much

needed information on circulating influenza A subtypes

and their variants in the region for the purpose of vac-

cine production, and monitoring trends in virus spread

and mutations. In this report, the first characterization

of human influenza A viruses from East Africa, we dem-

onstrate prevalence of the H3N2 subtypes, in agreement

with data from the rest of the world. In addition, the

findings show key aa changes exhibited by the 2006 Ken-

yan isolates indicating that these viruses were more clo-

sely related to recent WHO vaccine strains than to older

strains, mirroring the evolution of circulating influenza A

globally. Amino acid changes by recent vaccine strains

away from earlier vaccine strains have been localized at

key immunodominant sites, including mutations at posi-

tions 75, 83, 144, and 172 of antigenic determinant site

A, mutations at positions 131, 155, 156, 159, 189, 192,

196, and 202 of site B, and at positions 222 and 227 of

site D. The HAI data showing that the Kenya isolates

had titers identical to the H3N2 isolates of the 2005–

2006 vaccine strain but two- to threefold lower titers to

the 2006–2007 vaccine strain suggest that the Kenyan

isolates were antigenic variants of the 2006–2007 vaccine

strains.

Six of the 30 aa substitutions identified in the Kenyan

viruses were unique and located within known antibody-

binding sites. These changes, including V112I and K173E

substitutions at site D, S199P at site B, and N278K at site

C have also been observed in viruses from Ukraine (inter-

nal WHO-share document) and represent a novel genetic

variant different from the current vaccine strains. Whereas

mutations at dominant sites are believed to be the evolu-

tional outcome of constant immunological and environ-

mental pressures on the viruses, they also represent a

public health threat of possible emergence of more virulent

isolates that are not covered by available vaccines.

Site B

S199P

Site C

N278K

Site D

K173E

Site E 
V112I

Site A

Figure 4. Three dimensional model (ribbon view) showing the aa

changes in the HA1 molecule observed in the 2006 Kenyan isolates:

V112I, K173E, S199P, and N278K. These occupy the immunodominant

sites B (Pro 199), C (Lys 278), D (Pro199), and E (Glu 173).25 Figure

generated and visualized using YASARA (http://www.yasara.org) and

PovRay (http://www.povray.org).

The 2006–2007 Kenyan influenza A (H3N2) genetic variant
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More specifically, the V112I change at site E may result

in a conformational change on the HA molecule to expose

novel epitopes, the substitution at position 173 is within

site D that converts a basic R group (K) to an acidic (E)

one. This substitution can alter electrostatic properties of

the HA molecule to abrogate the binding of antibodies that

previously recognized the epitope at site D. Similarly, the

asparagine to lysine change at position 278, at site C which

is the hinge separating the globular receptor head from the

stem of the HA1 protein likely results in an electrostatic

changes that alter antigenicity. In contrast, the 3D model-

ing suggests that the S199P substitution at position 199 of

site B did no result in notable conformational change of

the HA protein. Such findings emphasize the importance

of continuous molecular surveillance and characterization

of emerging influenza drift variants in sub-Saharan Africa.

Although the 2006 Kenyan isolates had 100% aa

sequence identity at HA1 protein, they had disparate anti-

genic profiles by hemagglutination inhibition using the

A ⁄ Hiroshima ⁄ 52 ⁄ 2005 (H3N2) reference antisera. This

antigenic difference may have been induced by genetic and

antigenic variation in the other surface proteins such as the

neuraminidase, HA2 and M2 proteins known to contribute

to antigenic ⁄ immunologic properties of influenza

viruses.22–24 Work to characterize these other surface glyco-

proteins is ongoing.

The phylogenetic analysis indicates that the Kenyan iso-

lates are the result of point mutational drift from the

A ⁄ California ⁄ 7 ⁄ 04 and A ⁄ Wisconsin ⁄ 67 ⁄ 05 vaccine strains.

Although genetically distinct, the 2006 Kenyan isolates were

antigenically similar to the 2005–2006 vaccine strains,

implying that vaccination with either the northern or

southern hemisphere influenza vaccines were protective for

local residents and travelers to the region against seasonal

influenza viruses.
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