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The population-based burden of influenza-associated hospitalization
in rural western Kenya, 2007-2009

Daniel R Feikin, Maurice O Ope,® Barrack Aura, James A Fuller Stella Gikunju,® John Vulule?
Zipporah Ng'ang'a, M Kariuki Njenga,® Robert F Breiman? & Mark Katz?

Objective To estimate the burden and age-specific rates of influenza-associated hospitalization in rural western Kenya.

Methods All 3924 patients with respiratory illness (defined as acute cough, difficulty in breathing or pleuritic chest pain) who were
hospitalized between June 2007 and May 2009 in any inpatient health facility in the Kenyan district of Bondo were enrolled. Nasopharyngeal
and oropharyngeal swabs were collected and tested for influenza viruses using real-time reverse transcriptase polymerase chain reaction
(RT-PCR). In the calculation of annual rates, adjustments were made for enrolled patients who did not have swabs tested for influenza virus.
Findings Of the 2079 patients with tested swabs, infection with influenza virus was confirmed in 204 (10%); 176, 27 and 1 were found to
be RT-PCR-positive for influenza A virus only, influenza B virus only, and both influenza A and B viruses, respectively. Among those tested
for influenza virus, 6.8% of the children aged < 5 years and 14.0% of the patients aged > 5 years were found positive. The case-fatality rate
among admitted patients with PCR-confirmed infection with influenza virus was 2.0%. The annual rate of hospitalization (per 100000
population) was 699.8 among patients with respiratory illness and 56.2 among patients with influenza (with 143.7,18.8,55.2, 65.1 and 57.3
hospitalized patients with influenza virus per 100000 people aged < 5, 5-19, 20-34, 35-49 and > 50 years, respectively).

Conclusion In a rural district of western Kenya, the rate of influenza-associated hospitalization was highest among children aged less than
5 years.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

Although influenza has been widely studied in developed
countries, little is known about its epidemiology, seasonality
and burden in developing countries.'” The epidemiology of
influenza and the hospitalization rates associated with the illness
may be different in sub-Saharan Africa and more developed ar-
eas for several reasons. In temperate regions influenza is highly
seasonal, with transmission peaking during winter, whereas in
the tropics influenza viruses are thought to circulate year round.”
In Africa, the risk factors for severe outcomes from influenza,
such as chronic heart disease, chronic lung disease, infection
with human immunodeficiency virus (HIV) and smoking, differ
from those found in Europe and North America.**'” Regional
differences in the age distribution of human populations and
their use of health services may also affect the rate of hospital-
ization for influenza.

In Kenya, people hospitalized with respiratory illnesses are
rarely tested for viral pathogens. Influenza vaccine and drugs
active against influenza viruses are not readily available, and
little is known about the relative contribution of influenza to
severe respiratory disease. In any country, data on influenza can
help guide clinical management and allow the health ministry
to estimate the influenza burden so that the potential impact of
targeted interventions, such as immunization, can be assessed.

Following the 2006 outbreak of avian influenza in Nigerian
poultry, Kenya established prospective surveillance for human
influenza in several hospitals, with particular emphasis on the
detection of the H5N1 subtype of the influenza A virus." We
describe here the results of population-based, district-wide

surveillance in western Kenya for hospitalization with influenza
virus in the two years before A(HIN1)pdm09 reached Kenya."

Methods
Study site

The study was based in the Bondo district of western Kenya,
which had a population of 238780 at the time of the 1999
national census. The district’s population is culturally homog-
enous and almost entirely rural and poor, as it consists mainly
of individuals of Luo ethnicity who live by subsistence farming
and fishing."” Most roads in the district are unpaved. The area
is holoendemic for malaria and has a high child mortality rate
(212 deaths per 1000 live births in 2008)." It also has a high
prevalence of HIV infection in young adults. In 2003-2004, for
example, HIV prevalence was 15.4%, or twice the correspond-
ing national value, among those aged 13-34 years who lived in
Bondo district.*

Bondo district has seven inpatient facilities, including one
district hospital, as well as 45 outpatient health facilities. The
residents of Bondo district seek care in these facilities and also
from private local providers, traditional healers, drug sellers and
community health workers."* The hospital in the neighbouring
district of Siaya and the provincial hospital in Kisumu are 27
and 57 km from Bondo town, respectively, and rarely admit
patients from Bondo district.”” In one part of Bondo district,
25000 people are offered free, high-quality care at Lwak Mis-
sion Hospital, including admission, as part of population-based
infectious disease surveillance.'*'” Influenza vaccination is
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not available in the district in either the
public or the private sector.

Data collection

In May 2007, the United States Centers
for Disease Control and Prevention
(CDC) and the Kenya Medical Research
Institute (KEMRI) established prospec-
tive population-based surveillance for
influenza in all seven inpatient facilities
in Bondo district. Trained surveillance
officers, mostly nurses, enrolled all con-
senting patients who were hospitalized
for respiratory illness, defined as cough,
difficulty breathing or (for patients
aged =5 years) pleuritic chest pain.
Patients who had had a cough for more
than 2 weeks when they presented were
excluded because the study’s focus was on
acute respiratory illness. Also excluded
were those presenting within 3 days of
a previous hospitalization for the same
illness. A structured questionnaire and
scannable forms (Cardiff Teleform, Vista,
United States of America) were used to
collect the data, which included demo-
graphic characteristics, clinical symp-
toms and signs, treatment history, avian
influenza risk factors and medications.
Data were stored in Access (Microsoft,
Redmond, USA) databases and regu-
larly checked for errors using cleaning
programs; incorrectly completed forms
were returned to the field for correction.

Specimens and laboratory
methods

Dacron-tipped swabs were used to collect
a nasopharyngeal and an oropharyngeal
sample from each enrolled subject,
and then the pair of swabs was placed,
together, in a vial containing 1 ml of
virus transport medium (VITM) without
antibiotics. In four of the health facilities
these specimens were transported on the
day of their collection, at 2—-8 °C, to the
KEMRI/CDC laboratories in Kisumu,
approximately 60 km from the collection
sites. In the other three health facilities,
which were relatively far, the specimens
were rapidly placed in tanks of liquid
nitrogen and these tanks were taken to
the KEMRI/CDC laboratories in Kisumu
every 2 weeks. Once at Kisumu, the VTM
in each specimen (after thawing, if fro-
zen) was divided into four aliquots and
stored at —=70 °C. About once a month,
the frozen aliquots were transported, on
dry ice, to the KEMRI/CDC laboratory
in Nairobi (a distance of about 350 km),
where one aliquot per enrolled patient
was tested for influenza virus ribonucleic

acid (RNA) by means of real-time reverse
transcriptase polymerase chain reaction
(RT-PCR).

The total RNA from a 100-ul sub-
sample of an aliquot was extracted using a
QIAamp viral RNA minikit (Qiagen Inc.,
Valencia, USA), in accordance with the
manufacturer’s instructions. One-step
RT-PCR was then carried out using the
AgPath kit (Applied Biosystems, Foster
City, USA) and a protocol developed by
the CDC’s Influenza Division in Atlanta
(S Lindstrom, unpublished data, 2010).
The protocol is available upon request,
under a material transfer agreement,
from the CDC in Atlanta. Specimens
yielding crossover threshold (C,) val-
ues of <39.9 were considered positive,
whereas those giving higher C, values or
no C, values were considered negative.
Specimens found positive for influenza A
virus RNA were subtyped for seasonal H1
and H3 using another real-time RT-PCR,
with primers, probes and positive control
samples of influenza viruses provided by
the CDC in Atlanta.

Blood smears from all febrile pa-
tients (=38.0 °C) admitted to Lwak
Mission Hospital and from all children
admitted to Bondo District Hospital were
prepared, Giemsa-stained and checked
for malarial parasites by light micros-
copy. At the five other study facilities,
such blood smears were prepared at the
clinician’s discretion. Although there was
no routine testing of inpatients for HIV,
some enrolled patients were checked for
HIV as part of a case-control study of
influenza risk factors."

Data analysis

Rates were calculated using age-specific
population projections for Bondo district
from the 1999 census, assuming an an-
nual growth rate of 1.8%."* Adjustments
were made for the proportion of eligible
patients who did not have a swab taken
(because the patient refused, or was ad-
mitted when surveillance staff were not
available, or left the hospital or died
before specimens could be collected)
and for the proportion of patients from
whom swabs were taken but not tested
for influenza virus. These adjustments
were made separately for each health fa-
cility and included in the study, each age
group considered and by season (high in
May-October, low in November-April),
each time assuming that the proportion
of the enrolled but untested patients who
were infected with influenza virus was the
same as the corresponding proportion of
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tested patients who were found positive
for influenza virus RNA. The binomial
distribution method was used to calculate
95% confidence intervals (CIs) around
each rate.”” Case-fatality rates (CFRs)
were estimated, with similar adjustments
for the proportion of eligible patients who
had swabs tested, age group, season and
health facility. The categorical variables
were compared by means of y? tests. Stata
version 11 (StataCorp. LP, College Sta-
tion, USA) was used for all data analyses.

Ethical review

This surveillance project was approved
by the KEMRI National Ethical Review
Committee and exempted, as non-re-
search, by the CDC Institutional Review
Board. Written informed consent was
obtained from all adult participants and
from the parents or legally authorized
representatives of the enrolled children.

Results

Between June 2007 and May 2009, 3924
patients were hospitalized with respiratory
illness and enrolled in the present study
(Table 1). Most (58.6%) were children
aged <5 years. The median length of stay
was 2 days. Although nasopharyngeal
and oropharyngeal swabs were collected
from 2389 (60.9%) of the patients with
respiratory illness, only the swabs from
2079 (87.0%) of these patients were tested
(Table 1); the swabs from the other 310
patients were not of adequate quality to be
tested or were mislaid. When the enrolled
patients from whom swabs were collected
were compared with the other enrolled
patients, no marked differences were seen
in terms of demographic characteristics or
median length of hospital stay. Although
those who had swabs collected had a
slightly higher CFR, the difference was
not statistically significant (3.6% versus
2.7%; P=0.12). The proportion of eligible
patients who were swabbed was much
smaller in the Lwak Mission Hospital
than in the other six study facilities (20.3%
versus 89.2-98.8%; P<0.001 for each pair-
wise comparison; Table 2).

Influenza virus RNA was detected in
204 (9.8%) of the 2079 swabs tested; 177
(8.5%) and 28 (1.3%) of the swabs tested
were PCR-positive for influenza A virus
and influenza B virus RNA, respectively.
One patient’s swab was positive for both
influenza A and B virus RNA (Table 1).
Influenza virus RNA was detected in
6.8% and 14.0% of the swabs from pa-
tients aged <5 and > 5 years, respectively.
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Table 1.

Patients hospitalized for respiratory illness and patients positive for influenza

virus, by age and type of virus, Bondo district, Kenya, June 2007—May 2009

Characteristic

No. (%) of enrolled patients

Aged <5 years Aged > 5 years Total
With respiratory illness 2301 (100) 1623 (100) 3924 (100)
With collected swabs 1382 (60.1) 1007 (62.0) 2389 (60.9)
With tested swabs 1213 (87.8)2 866 (86.0)° 2079 (87.0)°
PCR-positive for viral RNA® 3.8)° 242 (28.0)° 409 (20.0)
Influenza, A or B virus 83 (6.8)° 121 (14.0)¢ 204 (9.8)
Influenza, A virus 81 (6.7) 96 (11.1)¢ 77 (8.5)¢
Influenza, B virus 3(0.2)¢ 25 (2.9)¢ 28 (1.3)¢
Influenza, A and B viruses 1(0.1)¢ 0(0.0) 1(0.05)

PCR, polymerase chain reaction; RNA, ribonucleic acid.

¢ Denominator: patients with swabs collected.

® One patient, aged <5 years, was positive for both influenza A virus and influenza B virus.

¢ Denominator: patients with swabs tested.

Four patients with PCR-confirmed in-
fluenza - three children aged <5 years
and one older patient (giving a CFR of
3.6% and 0.8% for the two age groups,
respectively) — died. The overall CFR was
similar for patients who tested positive
and negative for influenza virus (2.0%
versus 3.7%; P=0.24). The subtypes of in-
fluenza virus were successfully identified
for 25 patients infected with influenza A
virus: 18 harboured H3N2 and 7 carried
seasonal HINTI (although the first case of
A(HIN1)pdm09 in Kenya was not identi-
fied until late June 2009, after surveillance
for the present study had ended)*.
Females accounted for slightly
more than half of the patients with
respiratory illness (54.3%), influenza A
virus (59.3%) or influenza B virus
(67.9%). The median age of patients
admitted with respiratory illness was

3 years (range: 2 days to 99 years;
(Table 3). The patients found infected
with influenza A virus were generally
younger than those found infected with
influenza B virus, with median ages of
6 years (range: 1 month to 77 years) and
26.5 years (range: 6 months—80 years),
respectively. Overall, 53 patients aged
>12 years were found PCR-positive for
influenza virus and were tested for HIV.
Of these, 13 patients (24.5%) - all from
the 22 patients aged > 18 years — were
found to be HIV-infected. The cases
found infected with influenza virus had
been ill for a median of 4 days when
their swabs were collected. Such cases
were less likely to have presented with
fever (i.e. a body temperature of at least
38.0 °C) than the patients found nega-
tive for influenza virus (17.2% versus
27.6%; P<0.01).
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Blood samples for the preparation
of smears were collected from 2623
(67%) of the inpatients with respiratory
illness. The influenza-virus-positive
cases investigated were just as likely
to be found smear-positive for malaria
as the influenza-virus-negative cases
(36.2% versus 33.8%; P=0.62). Only
one patient found infected with influ-
enza virus had a positive blood culture,
with Group B Salmonella isolated.
Although more swabs were tested in
the first year of surveillance than in the
second, the proportion of swabs found
positive for influenza virus was lower
in the first year (7.7% versus 12.3%;
P<0.01; Table 4). In both years, most
influenza-virus-positive cases were
detected between May and October,
with the monthly numbers of cases
peaking in July and August (Fig. 1) - a
time when western Kenya is usually
dry and relatively cool (21-23 °C). In
the second year, but not the first, there
was a second smaller peak of cases in
January and February - a period that is
also usually dry in western Kenya but
warmer (24-25 °C).

Over the two-year study period, the
mean annual rate (per 100000 popula-
tion) of hospitalization for respiratory
illness was 699.8, whereas the corre-
sponding rates of influenza-associated
hospitalizations were 56.2 for influenza
virus infection of any type, 50.3 for influ-
enza A virus and 6.1 for influenza B virus
(Table 5, available at: http://www.who.
int/bulletin/volumes/90/4/11-094326).
Compared with older children and
adults, children aged <5 years had a
much higher rate of influenza-associated

Table 2. Admissions for respiratory illness in inpatient health facilities, Bondo district, Kenya, June 2007-May 2009

Health facility No. (%) of patients with respiratory illness No. of Influenza
Enrolled  Deceased With swabs influenza- CFR
associated
Collected Tested® Positive for viral deaths
RNA®
Bondo District Hospital 667 52(7.8) 649 (97.3) 554 (85.4) 6.7) 1 2.7
Lwak Mission Hospital 1820 40(2.2) 370 (20.3) 330(89.2) (5.8) 1 53
Madiany Sub-District Hospital 372 17 (4.6) 353 (94.9) 301 (85.3) 40 (13.3) 0 0.0
Matangwe Health Centre 233 4(1.7) 224.(96.1) 188 (83.9) (8.0) 0 0.0
Got Agulu Health Centre 464 7(1.5) 440 (94.8) 396 (90.0) (18.2) 1 14
Abidha Health Centre 257 8(3.1) 254 (98.8) 217 (85.4) (6.0) 1 7.7
St Anne’s Health Centre 111 1(0.9) 99 (89.2) 93 (93.9) 8(8.6) 0 0.0
Total 3924 129 (3.3) 2389 (60.9) 2079 (87.0) 204 (9.8) 4 2.0

CFR, case-fatality rate; RNA, ribonucleic acid.

2 The denominator for each percentage is the number of patients with swabs collected.
®The denominator for each percentage is the number of patients with swabs tested.
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Table 3. Patients hospitalized for respiratory iliness and laboratory-confirmed
influenza, by age and type of influenza virus, Bondo district, Kenya, June
2007-May 2009

Characteristic No. (%) of patients hospitalized with:

Respiratory iliness Influenza, A virus

Influenza, B virus

(n=3924) (n=177) (n=28)

Female 2132 (54.3) 105 (59.39) 19 (67.9)°
Age (years)

<5 2301 (58.6) 81 (45.8)° 3(10.7)°
5-19 529 (13.5) 27 (153)° 5017.9p
20-34 499 (12.7) 37 (20.9) 10 (35.7)°
35-49 317(8.1) 20 (11.3)° 5(17.9P
>50 278 (7.1) 12 (6.8)° 5(17.9)P

2 The denominator for this percentage is all hospitalized patients with influenza A virus.
® The denominator for this percentage is all hospitalized patients with influenza B virus.

Table 4. Hospital admissions associated with respiratory illness and influenza in two
time periods, Bondo district, Kenya, June 2007-May 2009

Characteristic No. (%) of inpatients with respiratory illness

Year 1 Year2® Both years
Recorded 2007 (100) 1917 (100) 3924 (100)
With swabs collected 1205 (60.0) 1184 (61.8) 2389 (60.9)
With swabs tested 1 129 (93.7)¢ 950 (80.2) 2079 (87.0)
With influenza, A virus 83 (7.4) 94 (9.9) 177 (8.5)°
With influenza, B virus 4(0.4) 24 (2.5) 28(1.3)°

¢ June 2007-May 2008.
® June 2008-May 2009.

¢ The denominator for this percentage is the number of patients with swabs collected in the period

indicated.

9 The denominator for this percentage is the number of patients with swabs tested in the period indicated.

hospitalization: 143.7 cases (95% CI:
119.6-167.8) per 100000 versus 36.7
cases (95% CI: 33.0-44.4) per 100 000.
Opverall, the rate of influenza-associated
hospitalization was also higher among
females than males (Fig. 2). There was
a significantly higher rate of influenza-
associated hospitalization among females
aged 20-34 or 250 years than among
males of the same age groups.

The mean annual rate of influenza-
associated inpatient mortality was 1.5
deaths (95% CI: 0.5-2.5) per 100000
population. There were 7.6 influenza-
associated deaths (95% CI: 2.1-13.2)
per 100000 children aged <5 years but
only 0.2 (95% CI: 0.0-0.6) per 100000
individuals aged > 5 years.

No avian influenza virus (H5N1)
was detected, but 19.1% of the enrolled
participants reported having heard
rumours of sick or dead birds in their
neighbourhood in the past two weeks;
9.3% said that they had been within 1 m
of a sick or dead bird, and 4.8% that they
had touched a dead bird.*

Discussion

Our prospective surveillance in a
district in Kenya is one of the first
to report directly-measured rates
of influenza-associated hospitalization
in African adults and children.” In de-
veloping countries, sentinel hospital sur-
veillance can provide data for describing
influenza epidemiology and seasonality,
characterizing the circulating strains of
influenza virus (to guide vaccinations)
and monitoring influenza pandemics.
Such surveillance can seldom be used
to define the burden of influenza, how-
ever, because it often occurs in refer-
ral hospitals, where the denominator
population is difficult to define and
the health-seeking patterns may not be
representative of the norm."*

The rate of influenza-associated hos-
pitalization that we report in children of
Bondo district who were aged <5 years
(i.e. 143.7 cases per 100000 child-years)
is lower than the corresponding values re-
ported in South Africa, Thailand and the
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United States.””~** In urban Soweto, South
Africa, for example, 309 annual cases of
hospitalized influenza were recorded
per 100000 HIV-uninfected children
and 1444 such cases were recorded per
100000 HIV-infected children.”” The
lower rate of influenza-associated hos-
pitalization seen in Bondo district might
only reflect the local epidemiology of
influenza, as related to the patient popu-
lation and/or climate. However, it can
probably be attributed, at least in part, to
the relatively low levels of health-seeking
for severe illness in this region of Kenya,
probably attributable to cultural beliefs,
the costs of health care and the large
distances to the nearest health-care facili-
ties.'>*** In a survey of health utilization
in Bondo district in 2005, only 26% of
children aged <5 years and 16% of older
children and adults were hospitalized
for a reported episode of pneumonia in
the previous year.” The observation that
health-care utilization for severe illness is
low in this part of Kenya is reinforced by
the finding that most deaths in the area
occur at home."” If hospital utilization
for severe influenza-associated illness in
Bondo district is as low as for pneumonia,
the incidence of severe influenza-related
respiratory illness in this area could be up
to fourfold higher for children and sixfold
higher for adults than those reported in
this article.

Low levels of hospital utilization de-
spite severe illness may also explain why,
in the present study, the elderly had some
of the lowest rates of hospitalization for
respiratory illness, whereas in developed
countries the elderly have some of the
highest rates.”>***" In rural Kenya, it is
generally the elderly who find it hardest
to travel the often long distances to their
nearest hospital and it is generally also
they who are least comfortable with the
non-traditional medicine practised in
hospitals. The elderly of Bondo district
are probably also less likely to suffer from
an underlying cardiopulmonary medi-
cal condition than their counterparts in
developed countries,’ partly because the
prevalence of smoking in Kenya is still
very low. Most influenza-associated hos-
pitalizations of adults in the United States
result from exacerbation of underlying
medical conditions.”

Unlike developed areas, Bondo
district had an influenza-associated
hospitalization rate in young adults that
was similar to — not lower than - the
rate among the elderly.”*** Although this
could, again, result from the relatively
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Fig. 1. Laboratory-confirmed influenza among patients hospitalized with respiratory
iliness, Bondo district, Kenya, June 2007—-May 2009

160

140

No. of subjects who were eligible/tested

Subjects aged <5 years L 50

No. of subjects with confirmed influenza of
tvpe A and/or type B

Year and month
= InfluenzaAandB == InfluenzaBonly = InfluenzaAonly == No.ofeligible subjects - - No.of subjects tested
140 22

Subjects aged =5 years L0 s

© 120+ <

2 =

£ E
% 100 ‘E -
£ g8
o 80 ES
7] = S
= S -E

o

- =
g0 s<
£ > &
2 40 g2

= =

2 2

S - 5

= g

0
S
Year and month
= InfluenzaAandB == InfluenzaBonly = InfluenzaAonly == No.ofeligible subjects - - No.of subjects tested

low levels of care-seeking among the
elderly, we believe it may also reflect the
high prevalence of HIV infection among
young adults in this area of Kenya.® HIV
infection may also explain why influenza-
associated hospitalizations were more
common among the young women of
Bondo district than among the young
men, since the young women have the
higher prevalence of HIV infection.® In
an earlier study in the same district, HIV
infection was associated with a 3.5-fold
risk of influenza-associated hospital-
ization among adults."” Among South
African children infected with influenza
virus, HIV infection was associated with
an estimated eightfold higher risk of
hospitalization.”

260

Although influenza virus activity in
temperate climates peaks during winter
seasons, influenza virus in Bondo district
circulates throughout the year - as seen
in other tropical and subtropical climates,
such as those of Indonesia, Singapore,
Thailand and Viet Nam** - but tends to
have a broad peak of activity coincident
with winter in the southern hemisphere.
Bondo town is about 11 km south of the
Equator.

The proportion of swabs found
positive for influenza virus RNA and
the CFRs for influenza-associated hos-
pitalizations varied among the seven
health facilities included in the present
study, although the total number of
deaths was small. Lwak Mission Hospi-

Daniel R Feikin et al.

tal admitted many more patients with
respiratory illness than any other of the
health facilities, and almost three times
more than the district hospital, probably
because the hospital has a programme
for the population-based surveillance
of infectious diseases. This programme
offers free, high-quality health care to
participants, which promotes greater
health care utilization.'*"” The variability
in findings between health facilities high-
lights the limitations of using one sentinel
hospital to draw conclusions about the
epidemiology and burden of influenza
in a given district.

Our study had several limitations.
First, we used only molecular methods to
detect influenza virus, and some infected
cases may not have been detected. In
Thailand, serological testing with hae-
magglutinin inhibition tests identified in-
fluenza cases not detected by RT-PCR.*
Second, some of the patients found
swab-positive for influenza virus may
not have been hospitalized for influenza
but for another cause, such as bacterial
pneumonia or malaria. Influenza virus
might have been present from a recent or
concurrent upper respiratory tract infec-
tion. Influenza virus has been detected in
healthy children used as controls.” Third,
only about 60% of the enrolled patients
with respiratory illness had a swab col-
lected. If patients who were not swabbed
had a different risk of developing influ-
enza than patients who were swabbed,
our adjusted rates could be inaccurate.
There were, however, no significant dif-
ferences in age, length of hospitalization
or CFR between those who had and those
who did not have swabs taken, and the
extrapolation to include untested patients
therefore seems appropriate. Excluding
untested hospitalized patients with re-
spiratory illness from the hospitalization
rate calculation would have led to a clear
underestimate of the true rate. Fourth, to
define seasonality and annual fluctua-
tions in the rates of influenza-associated
hospitalization clearly, surveillance for a
period longer than 2 years is required.
Fifth, by excluding those who had had a
cough for more than 2 weeks at presen-
tation, we may have underestimated the
burden of influenza by excluding patients
hospitalized with tuberculosis or chronic
lung diseases, both of which have been
identified as risk factors for influenza-
associated hospitalization."’

In conclusion, our population-
based study highlights the dispro-
portionately high burden of influ-
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Fig. 2. Age- and gender-specific annual influenza-associated hospital admissions (per
100 000 people), Bondo district, Kenya, June 2007—-May 2009
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Résumé

La charge basée sur la population de I'hospitalisation liée a la grippe dans les régions rurales de I'ouest du Kenya, 2007-2009

Objectif Estimer les taux spécifiques par dge et par charge de
I'hospitalisation liée a la grippe dans les régions rurales de l'ouest du Kenya.
Méthodes Tous les 3924 patients souffrant de maladie respiratoire
(définies comme toux aigué, difficulté respiratoire ou douleur de poitrine
pleurétique) qui ont été hospitalisés entre juin 2007 et mai 2009 dans
tous les établissements hospitaliers du district du Bondo, au Kenya, ont
été inscrits. Des prélévements nasopharyngés et oropharyngés ont
été rassemblés et testés pour les virus de la grippe au moyen d'une
transcription inverse et amplification en chaine par polymérase en
temps réel (RT-PCR). Dans le calcul des taux annuels, des ajustements
ont été faits pour les patients inscrits qui n'ont pas eu de prélevements
testés pour le virus de la grippe.

Résultats Des 2079 patients avec prélevements testés, l'infection au
virus de la grippe a été confirmée dans 204 (10%) des cas; 176, 27 et

1 cas se sont révélés RT-PCR positifs pour, respectivement, le virus de
la grippe A uniquement, le virus de la grippe B uniquement, les virus
des deux grippes A et B. Parmi les personnes testées pour le virus de la
grippe, 6,8% des enfants agés de <5 ans et 14,0% des patients agés de
5ansou plus se sont révélés positifs. Le taux de |étalité parmi les patients
admis avec infection confirmée PCR au virus de la grippe était de 2.0%.
Le taux annuel d'hospitalisation (par 100 000 habitants) était de 699,8
parmi les patients souffrant de maladie respiratoire et de 56,2 parmiles
patients souffrant de la grippe (avec 143,7, 18,8, 55,2, 65,1 et 57,3 des
patients hospitalisés avec le virus de la grippe par 100 000 personnes
agés de respectivement <5, 5-19, 20-34, 35-49 et >50 ans).
Conclusion Dans une région rurale de l'ouest du Kenya, le taux
d'hospitalisation liée a la grippe était plus élevé parmiles enfants agés
de moins de 5 ans.

Peslome

ypOBEHb rocnnTannsadnn no npnvynHe 3aboneBaHus rpunnom B MacwTabax BCero HaceneHus ceNbckoi

mecTtHocTu KeHum B 2007-2009 rr.

Llenb [pon3BeCT OLEHKY YPOBHA roCnUTanm3aLmm, CBA3aHHOTO C
3aboneBaHveM rpumnnoM B CENbCKONM MECTHOCTY 3anaaHom KeHnu, a
TakKe ero pacnpefeneHne No BO3pacTHbIM KaTeropuisam.

Metopgbi /iccnepoBaHvie 6610 NpoBeAeHO cpeaun Bcex 3924
NauMeHTOB C PecnMpaTopHbIMK 3a60NeBaHUAMK (C TaKUMK
CUMMATOMAaMM KakK CUAbHBIN Kalenb, 3aTPYAHEHHOE [blXaHWe U
60nb B rpyAHON KNeTKe), KOTopble Obiv rOCMMUTANM3MPOBaHbl B
nepwuop c vioHa 2007 1.no maii 2009 1. BO BCEX CTaLMOHaPaXx ieuebHbIX
3aBefieHAX Okpyra boHao B KeHuu. bein nponsseeH coop Maskos 13
HOCOFIOTKI ¥ POTOTNOTKM, MOCTe Yero NosyyeHHbln Matepuran obin
NPOTECTVPOBAH Ha Hannyve BMPYCOB MpUMna C UCMosb30BaHEM
NoNVMEPa3sHON LIeNHOM peakumny ¢ 0bpaTHOW TPaHCKPUMTa3on B
pexume peanbHoro Bpemeru (MUP PB). Mpw pacueTe roanyHbIx
nokasatenen Obiv BHECEHbI KOPPEKTMBbI AN BKTIOYEHHbLIX B
McCnefoBaHvie NaUMeHToB, Masky KOTOPbIX He MPOBEPAINCH Ha
Hanmune BUpYyca rpunmna.

Pesynbratbi /13 2079 nauveHToB, y KOTOPbIX ObiN B3ATbI MasKWy,
3apakeHne BUPYCOoM rpunna 6eino noateepxaeHo B 204 crydanx

(10%); pe3ynetatel TecTa MNPL PB gann cneaytowmin pesynestat: 176
3apaXkeHu BUPYCOM rpunna A, 27 3apaKeHuin BMpyCcoM rpunna
B 1 1 3apaxeHne Bmpycamu rpunna A n B ogHopemeHHo. Cpeau
NPOTECTUPOBAHHbIX Ha HalMumMe BUpyca rpunna y 6,8% neten B
BO3pacTe 10 5neT vy 14,0% nauneHToB OT 5 neT 1 cTapuie Obin
BbIABMEH BMPYC rpunna. Konnyectso crydaes 3aboneBaHusa co
CMepTeNlbHbIM MCXOAOM CPean NaUMeHTOB C MONOXKUTENbHbLIM
pe3ynbratom [LP-TecT, noaTBepXKAAIOWMA HaMuMe 3aparkeHWa
rpynnom, coctasuno 2,0%. YpoBeHb rocnntanmsaumm 3a rof (Ha
100 000 yenosek) cocTaBwn 699,8 uenoBek Cpean NaUMeHToOB C
pecnpaTopHbIMI 3a001eBaHNAMM 1 56,2 YeNoBeK Cpean NaLneHToB,
60/bHbBIX rpUnnom (cpeav KoTopbix 143,7, 18,8, 55,2, 65,1 n 57,3
rOCMUTaNM3MPOBAHHbIX MALMEHTOB, 3aPaxKEHHbBIX BUPYCOM rpunna,
Ha 100 000 uenosek 6binn B Bo3pacTe < 5, 5-19, 20-34, 35-49 1 >
50 neT COOTBETCTBEHHO).

BbiBOg B cenbckon MecTHOCTY 3anafHor KeHun Hanbonbluee
KONMMYECTBO C/lyyaeB roCnuTani3almmn no npudrHe 3abonesaHus
rpYNNoM 6b10 3aPErncTPUPOBAHO CPeaV AeTel B BO3pacTe [0 5 NeT.

Resumen

La carga demografica de las hospitalizaciones asociadas a la gripe en el oeste rural de Kenya, 2007-2009

Objetivo Calcularla cargay las tasas por edades de las hospitalizaciones
asociadas a la gripe en el oeste rural de Kenya.

Métodos Se inscribieron los 3924 pacientes con enfermedades
respiratorias (definidas como tos aguda, dificultad para respirar o dolor
tordcico pleuritico) hospitalizados entre junio de 2007 y mayo de 2009
en cualquier centro sanitario hospitalario del distrito keniata de Bodo.
Se recogieron frotis nasofaringeos y bucofaringeos y se comprobd la
presencia de virus de la gripe mediante una reaccion en cadena de la
polimerasa dirigida por ARN (transcriptasa inversa) (RT-PCR). Se llevaron
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a cabo ajustes para aquellos pacientes inscritos para cuyos frotis no se
habia realizado la prueba del virus de la gripe para realizar el calculo de
las tasas anuales.

Resultados Se confirmo la presencia de una infeccién por virus de la
gripe en 204 (10%) de los 2079 pacientes cuyos frotis se sometieron
a prueba; 176, 27 y 1 casos dieron positivo en la prueba de la RT-PCR
sélo para el virus gripal A, solo para el virus gripal By para ambos virus
gripales Ay B, respectivamente. 1 6,8% de los nifios menores de 5 afios
y el 14,0% de los pacientes mayores de 5 afios entre los que se realizé
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la prueba para el virus gripal dio positivo. La tasa de letalidad entre los
pacientes admitidos con una infeccion por el virus gripal confirmada por
la prueba de la PCR fue del 2,0% La tasa anual de hospitalizaciones (por
cada 100000 habitantes) fue de 699,8 entre pacientes con enfermedades
respiratorias y de 56,2 entre los pacientes con gripe (con 143,7,18,8,55,2,
65,1y 57,3 pacientes hospitalizados con virus gripal por cada 100 000

Research
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habitantes con edades menores de 5, comprendidas entre 5-19, 20-34,
35-49 y més de 50 afos, respectivamente).

Conclusién En un distrito rural del oeste de Kenya, la tasa de
hospitalizaciones asociadas a la gripe fue mds alta entre los nifios
menores de 5 anos.
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Table 5. Annual hospitalizations (per 100 000 population) associated with respiratory illness and influenza by age group, Bondo district,
Kenya, June 2007-May 2009

lllness and age group

Year 1?

Year 2°

Both years

Unadjusted

Adjusted*

Unadjusted

Adjusted*

Unadjusted

Adjusted*

No. (95% Cl)

No. (95% Cl)

No. (95% Cl)

No. (95% Cl)

No. (95% CI)

No. (95% Cl)

All age groups
Respiratory illness

Influenza, A virus
Influenza, B virus
Influenza, A virus, B virus or both

Influenza-associated
hospitalizations (A, B or both
virus types)

<1year

1 year

2 years

3 years

4 years

<5 years
5-19 years
20-34 years
35-49 years

>50 years

7223
(690.8-753.8)
299
(234-36.3)
14
(0.0-2.9)
313
(24.7-37.9)

93.8
(40.7-146.8)
204.0
(109.9-298.1)
585
(7.2-109.8)
60.6
(7.5-113.7)
58.2
(7.2-109.3)
95.7
(67.8-123.7)
9.7
(4.0-15.4)
28.1
(13.9-42.3)
33.0
(12.6-53.5)
19.2
(3.8-34.6)

NA

535
(44.9-62.1)
24
(0.6-4.2)
55.8
(47.0-64.6)

105.5
(49.3-161.8)
406.3
(273.6-539.0)
1453
(64.5-226.0)
163.9
(76.6-251.2)
124.2
(49.7-198.7)
1824
(143.8-221.0)
16.8
(9.3-244)
33.6
(18.0-49.1)
497
(24.6-74.8)
55.0
(29.0-81.1)

677.6
(647.4-707.9)
33.2
(26.5-39.9)
85
(51-11.9)
414
(33.9-48.9)

122.8
(62.7-182.9)
100.2
(34.8-165.6)
68.9
(13.8-124.1)
595
(74-111.7)
229
(0.0-54.6)
794
(54.2-104.6)
18.1
(10.4-25.9)
589
(38.5-79.3)
48.6
(24.0-73.2)
346
(14.2-55.0)

NA

47.1
(39.1-55.1)
9.8
(6.2-134)
56.5
(47.7-65.3)

169.5
(98.9-240.1)
122.5
(50.1-194.8)
84.7
(23.6-145.9)
67.0
(11.6-122.3)
29.1
(0.0-64.8)
105.6
(76.5-134.7)
20.7
(12.5-29.0)
76.5
(53.2-99.7)
80.3
(48.7-111.9)
595
(32.7-86.3)

699.8
(678.0-721.6)
316
(26.9-36.2)
5.0
(3.1-6.8)
364
(31.4-41.4)

1084
(68.3-148.5)
151.6
(94.5-208.8)
63.8
(26.1-101.4)
60.1
(229-973)
404
(10.5-70.3)
87.5
(68.7-106.3)
139
(9.1-18.7)
43.6
(31.2-56.1)
40.9
(24.9-56.9)
27.0
(14.2-39.8)

NA

50.3
(44.4-56.1)
6.1
(4.1-8.2)
56.2
(50.0-62.4)

137.8
(92.6-183.0)
263.1
(187.9-3383)
1147
(64.2-165.2)
115.0
(63.5-166.5)
76.2
(35.1-117.3)
1437
(119.6-167.8)
18.8
(13.1-24.4)
552
(41.2-69.2)
65.1
(44.9-85.3)
57.3
(38.6-76.0)

Cl, confidence interval; NA, not applicable.

2 June 2007-May 2008.
® June 2008—May 2009.

¢ Adjusted for the number of hospitalized patients meeting case definitions who did not have swabs tested. Adjustment was made separately for each age group,

health facility and influenza season.
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