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Background. The US Army Medical Research Unit–Kenya (USAMRU-K) conducts surveillance for influenza-
like illness (ILI) in Kenya. We describe the temporal and geographic progression of A(H1N1)pdm09 as it emerged
in Kenya and characterize the outpatient population with A(H1N1)pdm09 infection.

Methods. We included patients with ILI aged 2 months to 18 years enrolled during June 2009–August 2010.
Respiratory specimens were tested by real-time reverse-transcription polymerase chain reaction for influenza virus.
Patients with A(H1N1)pdm09 infection were compared to those with seasonal influenza A virus infection and those
with ILI who had no virus or a virus other than influenza virus identified (hereafter, “noninfluenza ILI”).

Results. Of 4251 patients with ILI, 193 had laboratory-confirmed A(H1N1)pdm09 infection. The first pandemic
influenza case detected by USAMRU-K surveillance was in August 2009; peak activity nationwide occurred during
October–November 2009. Patients with A(H1N1)pdm09 infection were more likely to be school-aged, compared
with patients with seasonal influenza A virus infection (prevalence ratio [PR], 2.0; 95% confidence interval [CI],
1.3–3.1) or noninfluenza ILI (PR, 3.2; 95% CI, 2.4–4.3).

Conclusions. USAMRU-K ILI surveillance detected the geographic and temporal distribution of pandemic influ-
enza in Kenya. The age distribution of A(H1N1)pdm09 infections included more school-aged children, compared
with seasonal influenza A virus infection and noninfluenza ILI.

In March and April 2009, 2009 pandemic influenza A
virus subtype H1N1 (A[H1N1]pdm09) emerged in
Mexico and the United States [1, 2]. The strain spread
rapidly worldwide, and on 11 June 2009, the World
Health Organization declared the start of the pandem-
ic phase [3]. In Kenya, A(H1N1)pdm09 was first

identified on 29 June 2009 and was traced to 4 parallel
introductions of the virus to Nairobi from the United
Kingdom [4].

Little has been published about the epidemiology of
A(H1N1)pdm09 in Africa [5]. Understanding the
emergence and spread of the pandemic across the geo-
graphically diverse regions of Kenya is important for
future pandemic preparedness. We describe the emer-
gence of A(H1N1)pdm09 in Kenya among children,
as detected by the US Army Medical Research Unit–
Kenya (USAMRU-K) outpatient ILI surveillance
network, and compare the characteristics of patients
with A(H1N1)pdm09 infection to those of patients
with seasonal influenza A virus infection and those
with ILI who had no virus or a virus other than influ-
enza virus identified (hereafter, noninfluenza ILI).
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MATERIALS AND METHOD

ILI Sentinel Surveillance
USAMRU-K is part of the Department of Defense Global
Emerging Infections Surveillance and Response System
(GEIS), a laboratory-based global surveillance network for ci-
vilian and military populations [6]. The goal of the surveil-
lance network is to identify virus strains worldwide that may
affect military populations, their families, and the local popu-
lations and to collaborate with other health organizations to
develop public health interventions, including vaccines.

USAMRU-K has conducted surveillance for ILI at 8 outpa-
tient health facilities in Kenya since July 2006. All surveillance
sites are at public hospitals in geographically diverse regions
of Kenya (Supplementary Figure 1). Mbagathi District Hospi-
tal, located in Nairobi, serves an urban population and is
located in Kenya’s Rift Valley region. New Nyanza General
Hospital, located in Kisumu in the tropical Lake Victoria
basin region, serves an urban population. Kisii District Hospi-
tal and Kericho District Hospital, periurban sites, are located
in the western highlands region, which is characterized by
high altitude and frequent rainfall. Alupe Subdistrict Hospital
is located on the Kenya-Uganda border in the rural town of
Busia. Isiolo District Hospital is located north of the central
highlands, in the arid northern plains. Malindi District Hospi-
tal, a periurban site, and Port Reitz District Hospital, an urban
site, are located in the coastal region characterized by a tropi-
cal climate.

At all sites, from Monday through Friday during normal
working hours, trained clinical officers identified patients who
met the World Health Organization case definition of ILI
(fever [temperature >38.0°C] and cough or sore throat) and
who presented within 72 hours of symptom onset [7]. Clinical
officers administered a standardized questionnaire to eligible
patients to collect demographic, exposure, and symptom data,
and they collected nasopharyngeal swab specimens. Exclusion
criteria for this study were age <2 months or >18 years, pres-
ence of obvious exudative pharyngitis or tonsillitis, and
absence of a consenting parent or legal guardian. Infants aged
<2 months were not enrolled in the surveillance system
because of the nonspecific clinical presentation of influenza in
very young infants. Adults aged >18 years were enrolled in
USAMRU-K ILI surveillance; however, they compose only 2%
of all patients enrolled in the surveillance because of the
general infrequent healthcare utilization patterns of adult
Kenyans for mild health conditions, and therefore they were
excluded from this analysis. We collected samples from a
maximum of 2 members of the same household who present-
ed on the same day. Each site enrolled a maximum of 5 pa-
tients per day (25 samples per week). The selection of patients
was decided by the clinical officers; however, generally the first
5 patients meeting case criteria and willing to participate were

recruited. Study patients were not selected based on any
known likelihood of exposure to the A(H1N1)pdm09 strain.

Study Period
Patients with ILI presenting to surveillance sites between 1
June 2009 (the month in which the first A(H1N1)pdm09 case
was identified) and 31 August 2010 were included.

Laboratory Testing of ILI Cases
Patients had duplicate nasopharyngeal swab specimens taken
to ensure that enough of the respiratory sample was available
for testing of multiple respiratory pathogens, for sharing of
samples with collaborating laboratories, and for storing a
portion of the sample for potential future research. Swabs
were placed in viral transport medium, stored at −80°C, then
transported to the National Influenza Center at the Kenya
Medical Research Institute (KEMRI) in Nairobi for testing.
Typing and subtyping of influenza viruses was performed by
real-time reverse-transcription polymerase chain reaction (RT-
PCR), using the Applied Biosystems 7500 Real-Time PCR
System in accordance with the Centers for Disease Control
and Prevention (CDC) real-time RT-PCR protocol for the de-
tection and characterization of influenza viruses [8].

Identification of Patients Infected With A(H1N1)pdm09 or
Seasonal Influenza A Virus
Patients with pandemic influenza cases were those who had
laboratory-confirmed A(H1N1)pdm09 detected by real-time
RT-PCR. Cases of seasonal influenza A virus infection includ-
ed all patients with laboratory-confirmed seasonal influenza A
virus subtype H1N1 (A[H1N1]) and influenza A virus subtype
H3N2 (A[H3N2]) infections. Cases of influenza A virus infec-
tion that did not have subtyping information available were
not counted as either A(H1N1)pdm09 or seasonal influenza A
virus infection.

Statistical Analysis
Bivariate analysis was performed to identify features associated
with A(H1N1)pdm09 versus seasonal influenza A virus infec-
tion, A(H1N1)pdm09 infection versus noninfluenza ILI, and
seasonal influenza A virus infection versus noninfluenza ILI.
We report prevalence ratios (PRs) with 95% confidence inter-
vals (CIs). Analysis was performed with EpiInfo 3.5.1.

Ethical Considerations
The study was approved by KEMRI, the Walter Reed Army
Institute of Research (WRAIR) Ethical Review Boards, and the
CDC (KEMRI SSC protocol 981, WRAIR protocol 1267, and
CDC protocol 4716). Written informed consent was obtained
from the parent or guardian by a clinical officer or laboratory
technician trained by the study team. Information was given
in English, Kiswahili, or the local language, if indicated.
Patients 7 years and older were able to refuse participation.
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Separate assent forms were provided for children 7–11 and 12–
17 years of age. Parents or guardians were allowed to provide
consent for children who were unable to give assent because of
their medical status. If the patient or guardian was illiterate, the
healthcare worker read the consent form to them.

RESULTS

Study Population
During the period of pandemic activity in Kenya, from 1 June
2009 to 31 August 2010, 4251 patients with ILI were identified,
of whom 1124 (26%) had influenza virus and 3127 (74%) did
not have influenza virus (Table 1). Of 447 patients with influen-
za A virus subtyping results, 193 had A(H1N1)pdm09 infection,
183 had A(H3N2) infection, and 72 had A(H1N1) infection; 1
patient was coinfected with A(H1N1)pdm09 and A(H3N2). Of
patients with ILI, 2264 (53%) were aged <2 years, and 3970
(93%) were aged <5 years. Patients with A(H1N1)pdm09

infection were similar in terms of sex and reporting of ill house-
hold contacts, compared with all patients with ILI. Of 193 pa-
tients with A(H1N1)pdm09 infection, 157 (81%) were aged <5
years, and 82 (43%) reported attending school.

A(H1N1)pdm09: Temporal and Geographic Distribution
The first case of A(H1N1)pdm09 infection detected in our
surveillance system was identified on 17 August 2009 in
Nairobi, at Mbagathi District Hospital, in a 1-year-old child.
In the next 10 days, a 1-year-old child and a 3-year-old child
were found to have A(H1N1)pdm09 infection at Malindi Dis-
trict Hospital. A(H1N1)pdm09 was associated with the
highest proportion of ILI cases during October and November
2009, when it accounted for 18.7% of all cases (Figure 1).
While A(H1N1)pdm09 infection peaked in most hospitals in
the surveillance system in late 2009, at Isiolo District Hospital,
a second peak of A(H1N1)pdm09 infections occurred in Feb-
ruary and March 2010. Although in most sites A(H1N1)
pdm09 disappeared by April 2010, sporadic cases of A(H1N1)

Table 1. Demographic and Exposure Characteristics of Children With Influenza-Like Illness (ILI), Overall and by Causes, Kenya, June
2009–August 2010

Characteristic

Patients With ILI, by Cause

Overalla

(n = 4251)
A(H1N1)pdm09

(n = 193)
Seasonal Influenza
A Virusb (n = 255)

Noninfluenzac

(n = 3127)

Age, y

0–1 2264 (53) 66 (34) 100 (39) 1774 (57)
2–4 1706 (40) 91 (47) 132 (52) 1188 (38)

5–11 275 (7) 35 (18) 23 (9) 160 (5)

12–18 6 (<1) 1 (1) 0 5 (<1)
Sex

Male 2218 (52) 100 (52) 126 (49) 1643 (53)

Female 2033 (48) 93 (48) 129 (51) 1484 (48)
Hospital

Alupe 423 (10) 4 (2) 10 (4) 367 (12)

Isiolo 233 (6) 21 (11) 7 (3) 165 (5)
Kericho 465 (11) 12 (6) 29 (11) 351 (11)

Kisii 738 (17) 42 (22) 50 (20) 496 (16)

Malindi 325 (8) 8 (4) 19 (8) 224 (7)
Mbagathi 723 (17) 38 (20) 53 (21) 533 (17)

New Nyanza 753 (18) 40 (21) 54 (21) 545 (17)

Port Reitz 591 (14) 28 (15) 33 (13) 446 (14)
Exposured

Household
contact

1296/4250 (30) 73/193 (38) 94/255 (37) 904/3126 (29)

Attends school 924/4247 (22) 82/193 (43) 79/255 (31) 591/3123 (19)

Data are no. (%) of patients, unless otherwise indicated.

Abbreviation: A(H1N1)pdm09, 2009 pandemic influenza A virus subtype H1N1.
a Percentages may not add up to 100, because of rounding.
b A total of 183 were infected with influenza A virus subtype H3N2, and 72 were infected with seasonal influenza A virus subtype H1N1.
c No virus or a virus other than influenza virus was identified.
d Data are no. of patients with the exposure/no. with data available (%).
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pdm09 infection continued to be identified at Mbagathi and
Kericho District Hospitals into August 2010.

Comparison of Patients With A(H1N1)pdm09 Infection,
Seasonal Influenza A Virus Infection, or Noninfluenza ILI
Patients with A(H1N1)pdm09 infection and patients with sea-
sonal influenza A virus infection were more likely to be aged
5–18 years, compared with patients with noninfluenza ILI
(PR, 3.2 [95% CI, 2.4–4.3] and 1.6 [95% CI, 1.1–2.3], respec-
tively); however, patients infected with A(H1N1)pdm09 were
also more likely to be aged 5–18 years, compared with patients
infected with seasonal influenza A virus infection (PR, 2.0;
95% CI, 1.3–3.1) (Table 2). There was no difference in report-
ing of ill household contacts between patients with A(H1N1)
pdm09 infection and those with seasonal influenza A virus in-
fection (PR, 1.0; 95% CI, .8–1.3). School attendance was more
common among patients with A(H1N1)pdm09 infection,
compared with patients with seasonal influenza A virus

infection (crude PR, 1.4; 95% CI, 1.1–1.8) and those with non-
influenza ILI (crude PR, 2.2; 95% CI, 1.9–2.7). After adjust-
ment for age 5–18 years, prevalence of school attendance was
not different between those with A(H1N1)pdm09 infection
versus those with seasonal influenza A virus infection (adjust-
ed PR, 1.2; 95% CI, .8–1.5).

DISCUSSION

This study describes the epidemiology of A(H1N1)pdm09
infections in outpatients in Kenya. The surveillance network
detected peak pandemic activity nationally in October and
November 2010, although there were regional differences
in pandemic activity. The age distribution of A(H1N1)
pdm09 infections in the outpatient setting included more
school-aged children, compared with the age distributions of
patients with seasonal influenza A virus infection or nonin-
fluenza ILI.

Figure 1. Percentage of patients with influenza-like illness (ILI) who tested positive for 2009 pandemic influenza A virus subtype H1N1 (A[H1N1]
pdm09) and number of patients with ILI, by surveillance site, Kenya, June 2009–August 2010.

Table 2. Comparisons of the Prevalence of Select Characteristics Among Patients With Influenza-Like Illness, by Cause, Kenya, June
2009–August 2010

Characteristic

Prevalence Ratio (95% Confidence Interval)

A(H1N1)pdm09 vs
Seasonal Influenza A Virusa

A(H1N1)pdm09 vs
Noninfluenzab

Seasonal Influenza A Virus
vs Noninfluenzab

Age 5–18 y 2.0 (1.3–3.1) 3.2 (2.4–4.3) 1.6 (1.1–2.3)

Exposure

Household contact 1.0 (.8–1.3) 1.3 (1.1–1.6) 1.3 (1.1–1.5)
Attends school 1.4 (1.1–1.8) 2.2 (1.9–2.7) 1.6 (1.3–2.0)

Attends school, adjusted for age 5–18 y 1.2 (.8–1.5) 1.9 (1.5–2.4) 1.6 (1.2–2.1)

Abbreviation: A(H1N1)pdm09, 2009 pandemic influenza A virus subtype H1N1.
a One person with A(H1N1)pdm09 and influenza A virus subtype H3N2 coinfection was excluded from analysis.
b No virus or a virus other than influenza virus was identified.
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We found temporal differences in pandemic influenza virus
circulation in different surveillance sites in Kenya. These dif-
ferences may have been due to differences in contact rates
with infected patients or geographic features, such as climate.
Precipitation, humidity, and temperature have been
shown to affect influenza virus activity in other parts of the
world [9].

Patients infected with A(H1N1)pdm09 were significantly
more likely to be aged 5–18 years, compared with those with
seasonal influenza A virus infection or noninfluenza ILI.
These patients were also more likely to attend school.
A(H1N1)pdm09 infection outbreaks have been described in
schools in multiple countries, including the United States,
Japan, France, and United Kingdom [10–15]. A study compar-
ing the 2009 influenza season to prior seasonal influenza epi-
demics in the United States, France, and New Zealand found
that there was a shift in age distribution toward school-aged
children, adolescents, and young adults during the 2009 pan-
demic season [16]. This difference in age distribution may be
due to a higher prevalence of immunity to seasonal influenza
virus infection among school-aged children, compared with
those aged <5 years. Understanding the age distribution of
pandemic versus seasonal influenza virus infection and other
causes of ILI may help guide preventive measures, such as tar-
geted vaccination or social distancing. In 2008, a draft pan-
demic contingency plan in Kenya recommended school
closure as a social distancing measure upon declaration of
pandemic phase 4 or higher [17]. Mathematical models and
some historical data suggest that school closure may mitigate
influenza spread; however, without proper timing, the poten-
tial effect of school closure on disease spread is undermined
[18–22]. The CDC recommends vaccination, hand hygiene,
and early identification and isolation of ill students and staff,
rather than school closure, as the main methods of reducing
transmission in schools [23]. In Kenya, the effect of school
closure on influenza transmission is not well studied, and the
timing of school closure, the economic and social impact of
this intervention, and student behavior outside of school is
likely to influence the effectiveness of school closure on
disease transmission.

The findings of this study may also inform targeted vacci-
nation strategies in a future influenza pandemic. School-aged
children can facilitate community spread of influenza by
having a high rate of contact with others and by introducing
influenza into their households. Targeting school-aged chil-
dren for vaccination can provide direct protection to this de-
mographic, as well as indirect protection to the broader
population through herd immunity [24]. Surveillance will be
the first step in designing and implementing pandemic control
measures [25].

The study has several limitations. First, the study is limited
to patients <18 years old and does not represent the general

Kenyan population. The age distribution of patients with ILI is
also affected by patterns of healthcare utilization in Kenya. Our
findings of more school-aged children among those with A
(H1N1)pdm09 may reflect age differences in symptomatic
attack rate of A(H1N1)pdm09, or they may reflect a higher pro-
pensity for families to seek health care for older children who
have more severe symptoms, if A(H1N1)pdm09 infection
causes more severe illness. Information was not collected about
nonconsenting patients, and therefore we could not determine
whether nonconsenting patients differed from the study popu-
lation. Second, several of the clinical symptoms on the ques-
tionnaire are not applicable to young children, making it
difficult to interpret whether patients of different age groups or
with different causes of ILI have unique clinical presentations.
Third, the proportion of ILI cases due to A(H1N1)pdm09 in-
fection may have been underrepresented during the pandemic
season because there was a large number of patients with influ-
enza A virus infection with uninterpretable subtyping results
during the pandemic season. It is possible that these nonsub-
typed influenza A virus samples were A(H1N1)pdm09, because
this strain was predominant from June 2009 through August
2010. However, because of these uncertainties with the nonsub-
typed specimens, we were unable to estimate the proportion of
ILI cases due to any influenza A virus subtype.

Despite these limitations, the surveillance system was able
to describe the epidemiology and geographic evolution of A
(H1N1)pdm09 in Kenya. The ability of this surveillance
system to detect emerging epidemics could allow for targeting
of public health interventions in the future.
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