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PNEUMONIA IS THE LEADING CAUSE

of childhood death in sub-
Saharan Africa. The main means
for controlling disease and death

due to pneumonia are infant vaccina-
tion and case management. Thus, estab-
lishing the contribution to severe dis-
ease of individual pathogens and vaccine
efficacy in infancy are essential to reduc-
ing the burden of disease.

Observational studies, including mi-
crobial cultures and vaccine probe stud-
ies,haveidentifiedStreptococcuspneumo-
niae and Haemophilus influenzae as the
mostcommonbacterialcauses.1,2Bothare
preventable by currently available con-
jugatevaccines.Consequently,otherbac-
teria,eg,Mycobacteriumtuberculosis, and
Pneumocystis jiroveci,andrespiratoryvi-
ruses are becoming of increased impor-
tance.3 Vaccines currently exist or are in
development for several respiratory vi-
ruses including respiratory syncytial vi-
rus(RSV),influenzatypeA(FLUAV),and
Human parainfluenza virus 3 (HPIV-3),
including combinations.4-6 In previous
studies in sub-Saharan Africa, viral eti-
ology of pneumonia has been examined

by antigen detection, serology, and viral
culture.7-11

The development of molecular meth-
ods has led to 2 advances in viral diag-
nosis: increased sensitivity and the dis-
covery of new viruses of clinical
importance. However, the high sensi-
tivity of molecular diagnostics raises
questions about specificity since viral
nucleic acid sequences may be de-
tected in healthy children and may per-
sist after illness.12 The detection of mul-
tiple respiratory viruses by molecular
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Context Pneumonia is the leading cause of childhood death in sub-Saharan Africa.
Comparative estimates of the contribution of causative pathogens to the burden of
disease are essential for targeted vaccine development.

Objective To determine the viral etiology of severe pneumonia among infants and
children at a rural Kenyan hospital using comprehensive and sensitive molecular di-
agnostic techniques.

Design, Setting, and Participants Prospective observational and case-control study
during 2007 in a rural Kenyan district hospital. Participants were children aged 1 day
to 12 years, residing in a systematically enumerated catchment area, and who either
were admitted to Kilifi District Hospital meeting World Health Organization clinical
criteria for severe pneumonia or very severe pneumonia; (2) presented with mild up-
per respiratory tract infection but were not admitted; or (3) were well infants and chil-
dren attending for immunization.

Main Outcome Measures The presence of respiratory viruses and the odds ratio
for admission with severe disease.

Results Of 922 eligible admitted patients, 759 were sampled (82% [median age, 9
months]). One or more respiratory viruses were detected in 425 of the 759 sampled
(56% [95% confidence interval {CI}, 52%-60%]). Respiratory syncytial virus (RSV)
was detected in 260 participants (34% [95% CI, 31%-38%]) and other respiratory
viruses were detected in 219 participants (29%; 95% CI, 26%-32%), the most com-
mon being Human coronavirus 229E (n=51 [6.7%]), influenza type A (n=44 [5.8%]),
Parainfluenza type 3 (n=29 [3.8%]), Human adenovirus (n=29 [3.8%]), and Hu-
man metapneumovirus (n=23 [3.0%]). Compared with well control participants, de-
tection of RSV was associated with severe disease (5% in control participants; ad-
justed odds ratio, 6.11 [95% CI, 1.65-22.6]) while collectively, other respiratory viruses
were not associated with severe disease (23% in control participants; adjusted odds
ratio, 1.27 [95% CI, 0.64-2.52]).

Conclusion In a sample of Kenyan infants and children admitted with severe pneu-
monia to a rural hospital, RSV was the predominant viral pathogen.
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methods in individual cases further un-
derlines this etiological quandary.13 To
date, we have found no published stud-
ies reporting comprehensive viral eti-
ology of pneumonia among children in
sub-Saharan Africa using sensitive mo-
lecular diagnostic methods.

We aimed to determine viral etiol-
ogy, incidence, and clinical features
among infants and children meeting
World Health Organization (WHO)
clinical criteria for severe pneumonia
or very severe pneumonia admitted to
a rural Kenyan district hospital.

METHODS
Location

The study was conducted at Kilifi Dis-
trict Hospital in a rural area on the
Kenyan coast. Humidity is high
throughout the year and there are 2 an-
nual rainy seasons, April through July
and November through December.14

The area is endemic for malaria, with
declining transmission over the last 10
years. H influenzae type b conjugate vac-
cine, given with the diphtheria and teta-
nus toxoids and pertussis vaccine to in-
fants aged 6, 10, and 14 weeks, was
introduced in 2001. Coverage of these
vaccines (third dose) and measles vac-
cine administered at 9 months of age
are greater than 90%.15 Conjugate pneu-
mococcal vaccine had not been intro-
duced at the time of this study.

The Collaborative Research Pro-
gramme between the Kenya Medical Re-
search Institute (KEMRI) and the Well-
come Trust provides clinical care on the
hospital pediatric wards and a demo-
graphic surveillance system covering an
area of approximately 900 km,2 which
is within 50 km north, 50 km south,
and 30 km west of the hospital, and in-
cludes a population of approximately
240 000. The area was mapped in 2000
and every building was registered by
global positioning system. The popu-
lation register is updated for births,
deaths, and migration events by house-
hold visits with 3 re-enumeration
rounds each year.16 All field-based data
are checked, double-entered, and veri-
fied within 48 hours of acquisition.
Since 2002, patients admitted to the

hospital are individually identified on
the population register. In 2007, ap-
proximately 65% of pediatric admis-
sions were confirmed residents of the
census area.

Participants and Clinical Methods

We included all children aged 1 day to
12 years residing in the census area and
who were admitted to the pediatric
wards between January 1, 2007, and De-
cember 31, 2007, and met WHO crite-
ria for the clinical syndromes of se-
vere pneumonia (cough or difficult
breathing plus lower chest wall indraw-
ing and no signs of very severe pneu-
monia) or very severe pneumonia
(cough or difficult breathing plus at
least 1 of hypoxia, defined as an oxy-
gen saturation �90% by fingertip pulse
oximetry [Covidien-Nellcor, Boulder,
Colorado], inability to drink or breast
feed, inability to sit, or impaired
consciousness at admission,17 includ-
ing infants younger than 2 months of
age).

Clinicians were trained in the recog-
nition of the clinical signs used in the
WHO criteria through teaching ses-
sions that includedvideos,practicaldem-
onstrations,andadditionalbedside train-
ing on the wards. Clinical findings were
individuallyrecordedforeachitemofhis-
tory or examination in a database dur-
ing the admission assessment. Next, a
standardized set of investigations were
performed includingcompletebloodcell
count (Beckman Coulter Inc, Brea, Cali-
fornia), blood film for malaria parasites
(stainedwithGiemsaandreadat �1000
magnification), blood culture (Bactec
PedsPlus [Becton Dickinson and Co,
Franklin Lakes, New Jersey]) processed
by standard methods,18 and a nasal wash
sample.19 Nasal washes were conducted
between 8 AM and 10 PM daily. Nasal
wash was not performed on infants and
children with severe respiratory or car-
diovascular compromise.

Human immunodeficiency virus
(HIV) testing was performed according
to the Kenyan national policy for all pe-
diatric hospital admissions using 2 rapid
antibody tests: Determine (Inverness
Medical Innovations Inc, Waltham, Mas-

sachusetts) and Unigold (Trinity Bio-
tech, Bray, Ireland). Children and their
families who tested HIV positive were
given further counseling and referred to
the hospital comprehensive HIV care
clinic.

For this analysis, capillary refill time
of 3 seconds or more was used as a
marker of circulatory shock. Severe ane-
mia was defined as a hemoglobin level
of less than 5 g/dL. Severe malnutri-
tion was defined as weight-for-height
z score of less than −3 (National Cen-
ters for Health Statistics reference stan-
dards, Centers for Disease Control and
Prevention, Atlanta, Georgia) or
kwashiorkor.17 Treatment for pneumo-
nia and other conditions was accord-
ing to current WHO guidelines.17

To estimate the association of respi-
ratory viral infection with severe dis-
ease, we recruited 2 further sets of chil-
dren resident in the census area by
convenience sampling from May 1, 2007,
to April 30, 2008: children with mild up-
per respiratory tract infection (URTI)—
including symptoms of cough, runny or
blocked nose, sore throat, or sneezing,
being managed as outpatients and not
meeting any criteria for pneumonia; and
well infants and children—without any
symptoms or signs of upper or lower res-
piratory infection attending for routine
immunization at the hospital. After ob-
taining clinical history and examining
these participants, a nasal wash speci-
men was taken.

Laboratory Methods

Nasal wash samples were stored at
−80°C and batch analyzed at study end
at the University of Pretoria, South
Africa. Total viral nucleic acids were ex-
tracted from 200 µL of the respiratory
specimens using the Magnapure LC
Total Nucleic Acid Isolation Kit (Roche,
Manheim, Germany), following manu-
facturer instructions. Complementary
DNA was synthesized using Expand Re-
verse Transcriptase (Roche). Real-
time polymerase chain reactions (PCRs)
were performed using the LightCycler
Fast Start DNA MasterPLUS Hyb-
Probe kit (Roche) for the following: Hu-
man adenovirus (HAdV), Human para-
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influenza virus 1 (HPIV-1), Human
parainfluenza virus 2 (HPIV-2), HPIV-3,
RSV, FLUAV, influenza type B, Human
metapneumovirus (HMPV), Human bo-
cavirus (HBoV), Human coronavirus
OC43 (HCoV-OC43), HCoV/Hong
Kong, HCoV-229E, and HCoV-NL63.
PCR amplicons for DNA sequencing
were gel purified using the Wizard SV
gel and PCR Clean-Up System (Pro-
mega, Madison, Wisconsin), accord-
ing to the manufacturer’s instruc-
tions. DNA sequencing was performed
with specific primers using the ABI
PRISM BigDye Terminator Cycle Se-
quencing Reaction kit (version 3.1) on
an ABI PRISM 3130 DNA sequencer
(Applied Biosystems, Foster City, Cali-
fornia), following manufacturer in-
structions.

Statistical Analysis

Statistical analysis was performed using
STATA 9.1 (Stata Corp, College Sta-
tion, Texas). Eligibility and classifica-
tion of the clinical syndromes of pneu-
monia were determined from the original
record of each item of medical history
and examination in the database.

Incidence rates were estimated using
data from all eligible patient admis-
sions known to be resident in the cen-
sus area on the day of admission, and
the midstudy ( July 1, 2007) census
population estimates interpolated from
the linear equation determined by re-
gressing population size (log10) for all
enumeration rounds to the end of 2008
against the mid-date of each round.

To describe demographic and clini-
cal features of cases of severe and very
severe pneumonia, we compared those
with and without a respiratory virus de-
tected.Proportionswerecomparedusing
the �2 and Fisher exact tests as appro-
priate. Continuous data were compared
by t test or the Kruskal-Wallis rank sum
test. Variables presented were selected
a priori from more than 50 clinical vari-
ablescollected.Noadjustmentwasmade
for multiple comparisons because each
variablerepresentsadiscrete testofabio-
logically plausible hypothesis.

To estimate the strength of associa-
tion of detection of RSV and non-RSV

viruses with severe disease, we com-
pared patients admitted with severe and
very severe pneumonia with control
group participants comprising well
infants and children (excluding those
with signs of URTI) using a case-
control design. Odds ratios (ORs) were
calculated by multivariable logistic
regressionandpresentedmodels forRSV
(including those with RSV plus an addi-
tional virus) and respiratory viruses not
including RSV that were unadjusted
(model 1); and adjusted for age and sea-
son in monthly intervals (model 2). To
address a potential bias of underrepre-
sentation of fatal cases, the (unad-
justed) ORs for severe disease among all
eligible admitted patients were mod-
eled by imposing the proportions with
RSV and other viruses detected among
fatal and nonfatal sampled cases on all
eligible admissions (model 3). All tests
were2-sidedwitha5%significance level.

Sample size for thecasegroupwasde-
terminedbypreviousannualadmissions,
which would allow the prevalence of
pathogensof5%and20%tobeestimated
with precision of ± 2% and ± 3%, respec-
tively.Weaimedtorecruit100well con-
trolparticipantsand100individualswith
mildURTItodescribespecificitiesof95%
and 85%, with a lower-side precision of
−6%and−8%,respectively.Powerforthe
case-control analysis was confirmed for
the actual numbers sampled using the
method described by Fliess.20

Ethical Approval

The study was approved by the Kenyan
National Ethical Review Committee
(SSC 815) and the Oxford Tropical
Ethical Review Committee (011 06). In-
dividual written informed consent was
obtained from parents or guardians of
all participants.

RESULTS
From January 1, 2007, through Decem-
ber 31, 2007, there were 922 eligible in-
fants and children with severe pneumo-
nia or very severe pneumonia admitted,
and viral screening was conducted on
759 patients (82%) (FIGURE 1). Me-
dian age was 9.0 months (interquar-
tile range [IQR], 3.0-20), 59% were

male, and 52 had a positive HIV rapid
antibody test (6.9%; 95% confidence in-
terval [CI], 5.2%-8.9%). Children who
were not sampled were more severely
ill than those sampled (eTable 1 avail-
able at http://www.jama.com). Three-
quarters of deaths among nonsampled
admitted patients occurred within 24
hours of admission.

One or more respiratory viruses were
detected in 425 participants in the case
group (56% [95% CI, 52%-60%];
TABLE 1). RSV was the most com-
monly detected virus, present in 260 ad-
missions overall (34% [95% CI, 31%-
38%]; eTable 2), and in 192 of 453
infants (42% [95% CI, 38%-47%]). RSV
was strongly seasonal (P� .001), de-
tected in more than 50% of pneumo-
nia cases in January, February, and De-
cember, but in fewer than 5% of
pneumonia cases from July through
September (FIGURE 2). Other viruses
showing clear seasonality were HMPV,
HPIV-3, and FLUAV (eFigure).

Other respiratory viruses were
detected in 219 admissions (29% [95%

Figure 1. Participant Selection

759 Included in analysis

4316 Hospitalized children
assessed for eligibility

3021 Screened for clinical
syndrome of severe or
very severe pneumonia

922 Eligible
741 Severe pneumonia
181 Very severe 

pneumonia

2099 Excluded
1837 No pneumonia

syndrome
262 Nonsevere pneumonia

163 Excluded
93 Parents refused consent for

nasal sampling (7 later died)
37 Discharged well before

sampling
30 Died before sampling
3 Samples unsuitable

for analysis

1295 Excluded
1147 Resident outside

demographic surveillance
system census area

138 Admitted on the day
of birth

10 Aged 13 years or older
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CI, 26%-32%]; eTable 2 and eFigure).
These included HCoV-229E (n=51
[6.7%]), FLUAV (n=44 [5.8%]), HPIV-3
(n=29 [3.8%]), HAdV (n=29 [3.8%]),
HMPV (n=23 [3.0%]), HPIV-1 (2.4%),
HBoV (2.1%), HCoV-OC43 (1.8%),
HPIV-2 (1.3%), HCoV-NL63 (1.3%), in-
fluenza type B (0.1%), and HCoV/Hong
Kong-1 (0.1%).

RSV plus 1 or more other respira-
tory viruses were detected in 54 cases
(7%), representing 21% (95% CI,
16%-26%) of all RSV cases. These
comprised HCoV-229E (14), FLUAV
(10), HAdV (10), HPIV-3 (6), HBoV
(6), HMPV (3), HPIV-1 (3), HPIV-2
(3), HCoV-NL63 (2), and HCoV-
OC43 (1).

Theincidenceofadmissionwithsevere
pneumoniaorveryseverepneumoniawas
4.8%perchildperyear in the first yearof
life, 1.5% per child per year in children
younger than 5 years of age, and 0.1%
among children who were 5 years of age
or older (TABLE 2). The incidence of ad-
missionforanyrespiratoryvirusandwith
RSV was highest in the first year of life
(3.0%perchildperyearand2.0%perchild
per year, respectively).

Patients admitted with respiratory vi-
ruses detected were a median age of 7.5
months (IQR, 2.7-18) and were younger
than those with no virus detected (me-
dian age, 11.3 months [IQR, 3.8-24];
P �.001). However, this effect was com-
pletely accounted for by RSV (TABLE 3).
Very severe pneumonia was less com-
mon among patients admitted with res-
piratory viruses (P�.001). There was no
association between the presence of
wheezing or hypoxia and a respiratory
virus being detected. Most participants
in the case group with RSV did not have
an admission diagnosis of bronchioli-
tis. Patients admitted with RSV were less
severely ill and had fewer adverse risk
factors than those admitted with no vi-
rus and were less likely to be prema-
turely born, in circulatory shock, se-
verely malnourished, or to die. Of the
2 deaths among children with RSV, both
had congenital heart disease. Patients ad-
mitted with respiratory viruses other
than RSV were similar in all these re-
spects to those admitted with no virus
detected. Among 24 deaths, 8 (33%; 95%
CI, 16%-55%) occurred in patients ad-
mitted with a virus detected.

Thirty-six patients admitted with se-
vere or very severe pneumonia (4.7%
[95% CI, 3.3%-6.5%]) were bactere-
mic, with 16 having a respiratory virus
detected (44% [95% CI, 28%-62%]). Bac-
terial species were Streptococcus pneu-
moniae (12), Escherichia coli (9), nonty-
phoidal salmonella (3), Staphylococcus
aureus (3), Acinetobacter species (3), �-
hemolytic streptococci (3), Enterobacter
species (2), and H influenzae (1).

Among 57 well infants and children
(median age, 6.0 months [IQR, 3.3-
11]) and 96 children with symptoms of
mild URTI (median age, 13 months; IQR,

Table 1. Respiratory Viruses Detected

No. (%)

Severe or Very Severe
Pneumonia

(n = 759)

Outpatient
URTI

(n = 96)

Well Control
Participants

(n = 57)

No virus 334 (44) 54 (56) 41 (72)

Any virus 425 (56) 42 (44) 16 (28)

1 Virus 351 (46) 36 (38) 15 (26)

2 Viruses 66 (8.7) 5 (5) 1 (2)

3 Viruses 8 (1.1) 1 (1) 0 (0)

RSV only 206 (27) 15 (16) 2 (4)

RSV plus another virus 54 (7.1) 2 (2) 1 (2)

Non-RSV virus 165 (22) 25 (26) 13 (23)
Abbreviations: RSV, respiratory synctial virus; URTI, upper respiratory tract infection.

Figure 2. Seasonal Pattern of RSV and Other Viruses Detected Among Infants and Children
Admitted With Severe or Very Severe Pneumonia
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5.6-25), respiratory viruses were de-
tected in 28% and 44%, respectively, and
were less frequent than among admit-
ted pneumonia cases (P � .001 and
P=.03, respectively [Table 1]). These dif-
ferences were due to RSV since overall,
viruses other than RSV were as com-
mon in well infants and children and
those with mild URTI as among admit-
ted patients in the case group (Table 1).
Among those with mild URTI, viruses
detected were RSV (18%), HAdV (8%),
FLUAV (7%), HBoV (5%), HMPV (3%),
HCoV-229E (3%), HPIV-1 (2%), HCoV/
Hong Kong-1 (2%), and HCoV-OC43
(2%); and viruses found in well infants
and children were RSV (5%), HBoV
(9%), HCoV-OC43 (7%), and less than
1% for each of HPIV-1, HPIV-3, HAdV,

HCoV/Hong Kong-1, and HCoV-229E.
FLUAV and HMPV were not detected
among well infants (eTable 2).

Detection of RSV was associated with
admission with severe disease (34%)
when compared with well control par-
ticipants (5% [OR, 9.38; 95% CI, 2.99-
47.3]) using model 1. There was no evi-
dence of an association between viruses
other than RSV and severe disease, (22%
in those admitted with severe or very
severe pneumonia and 23% in control
participants [OR, 0.94; 95% CI, 0.48-
1.94] using model 1). Models ad-
justed for age and calendar month
(model 2) showed no evidence of lack
of fit (Hosmer-Lemeshow �2, 7.19;
P=.52) and did not qualitatively alter
this result (OR for RSV, 6.11 [95% CI,

1.65-22.6], and non-RSV viruses [OR,
1.27; 95% CI, 0.64-2.52]). ORs in
model 3, including all eligible admis-
sions, to address the potential bias of
underrepresentation of fatal cases, did
not differ significantly from the ob-
served, unadjusted ORs (model 3 for
RSV only, 8.99 [95% CI, 2.87-45.2], and
for non-RSV viruses 0.88 [95% CI, 0.45-
1.83], when compared with model 1).

COMMENT
We found that in the catchment area
of Kilifi District Hospital on the Kenyan
coast, the incidence of admission with
clinical syndromes of severe or very se-
vere pneumonia ranged from 4.8% in
the first year of life to 0.1% among par-
ticipants aged 5 years or older. RSV was

Table 2. Incidence of Admission With Severe Pneumonia or Very Severe Pneumonia

Denominator

Per 1000
Live Births,
Aged �28 d
(n = 9423)

Per 100 000 Children by
Age Group, y

All �1
(n = 8837) 1-�2 2-�5

All �5
(n = 44 538) 5-�13

All �13
(n = 104 505)

Severe or very severe pneumonia 6.65 4798 1674 543 1522 99 681

Any respiratory virus 3.79 2993 871 213 862 36 380

Respiratory synctial virus 2.46 2038 455 85 535 15 233

Human coronavirus 229E 0.51 318 135 32 105 3 46

Influenza type A 0.31 244 97 32 82 15 39

Human parainfluenza virus 3 0.10 212 48 11 57 6 26

Human adenovirus 0.10 149 77 21 55 9 26

Human metapneumovirus 0.20 138 58 11 44 6 21

Table 3. Clinical Features of 759 Children Admitted With RSV and Other Respiratory Virusesa

Characteristic

No Virus Any Virus RSV Only RSV Plus Another Virus Non-RSV Virus

(n = 334) (n = 425 P Valueb) (n = 206) P Valueb (n = 54) P Valueb (n = 165) P Valueb

Age, median (IQR), mo 11.3 (3.8-24) 7.5 (2.7-18) �.001 6.1 (2.5-13) �.001 7.5 (2.7-16) .01 10 (4.5-20) .39

Inpatient stay, median (IQR), d 4 (2-6) 3 (2-5) .17 3 (2-5) .07 4 (3-6) .80 4 (2-6) .56

Very severe pneumonia 73 (22) 53 (13) .001 22 (11) .001 8 (15) .24 23 (14) .04

Wheezing 50 (15) 59 (14) .67 30 (15) .90 8 (15) .98 2 (13) .50

Hypoxia 40 (13) 40 (9) .13 18 (8.7) .14 8 (15) .70 14 (8.5) .14

Capillary refill �3 seconds 16 (4.8) 10 (2.4) .07 1 (0.5) .004 1 (1.9) .49 8 (4.9) .98

Severe anemia 15 (4.6) 12 (2.9) .23 3 (1.5) .08 1 (1.9) .71 8 (4.9) .85

History of prematurity 17 (7.8) 14 (4.1) .07 5 (2.9) .05 2 (4.4) .54 7 (5.7) .49

Congenital heart disease 12 (3.6) 5 (1.2) .05 2 (1.0) .09 0 .23 3 (1.8) .40

Human immunodeficiency virus 26 (8.0) 26 (6.2) .35 8 (4.0) .07 4 (7.6) 1 14 (8.6) .82

Severe malnutrition 26 (7.8) 18 (4.2) .04 5 (2.4) .009 2 (3.7) .40 11 (6.7) .65

Bacteremia 20 (6.0) 16 (3.8) .15 5 (2.4) .06 2 (3.7) .75 9 (5.5) .81

Death 16 (4.8) 8 (1.9) .02 2 (1.0) .02 0 .14 6 (3.6) .56
Abbreviations: IQR, interquartile range; RSV, respiratory synctytial virus.
aValues for characteristics are shown as No (%) unless otherwise indicated as median IQR or as P values.
bP values are based on comparisons with children with no virus.
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detected in one-third of cases overall
and in almost half of infant cases. The
seasonality of severe pneumonia was al-
most entirely determined by RSV. No
other virus was identified in more than
7% of admitted infants or children, and
these participants in the case group
were clinically similar to those in whom
no virus was detected. Viruses other
than RSV were as common among well
infants and children and those with
mild URTI as among those with se-
vere disease. These findings suggest that
non-RSV viruses make only a minor
contribution to the burden of severe
clinical pneumonia in this setting.

In a previous study in the same enu-
merated population of Kilifi (2002
through 2007), RSV was detected by
immunofluorescence in 15% of severe
pneumonia or very severe pneumonia
admissions of children younger than 5
years of age, increasing to 27% during
epidemic periods. Incidence from 2006
to 2007 was estimated at 0.99% and
0.27% per child/year in infants and chil-
dren younger than 5 years of age, re-
spectively.14 In the present study, we
found approximately twice the inci-
dence. It is known that real-time PCR
is more sensitive than traditional diag-
nostics. In a study by Kuypers et al,21

RSV detected by both immunofluores-
cence and PCR had a mean viral load
of 6.1�107 copies per mL, whereas RSV
detected by PCR only had a lower mean
viral load of 4.1�104 copies per mL.
An immunofluorescence assay de-
tected only 19% of RSV with viral loads
of less than 106 copies per mL.

We considered whether our findings
could be due to detection of persistent
viral RNA or false-positive laboratory re-
sults, but believe this is unlikely. First,
considering our well control partici-
pants, if an assumption is made that all
of the RSV detected are false positives due
to persistence or laboratory error, then
our test specificity is 95% (95% CI 85%
to 99%). This is similar to data reported
for immunofluorescence. Such specific-
ity would not significantly alter the in-
terpretation of our findings among case
participants. This is further supported by
an OR suggesting that detection of RSV

was strongly associated with severe dis-
ease. To compare these findings with
those from traditional methods, we ex-
amined published data from 8 previous
studies in developing countries, using
immunofluorescence, serology, or viral
culture.7,8,11,22-27 Overall, RSV was de-
tected in 746 of 3463 (21.5%) case
participants and in 29 of 1203 (2.4%)
control participants, giving a pooled
(fixed-effects) OR for disease (unad-
justed for age and season) of 11.1 (95%
CI, 7.69-16.0), which is close to the un-
adjusted OR in our study.

High prevalence of RSV in children ad-
mitted with severe clinical pneumonia
(34%), incontrastwithprevalence inwell
control participants (5%), further sup-
ports that RSV vaccination may offer con-
siderable public health benefit. Al-
though the development of a vaccine for
the key target age group of infants (�2
months) has focused on live virus vac-
cines, none has achieved requisite lev-
els of both safety and immunogenicity.4

A combined HPIV-3/RSV live-attenu-
ated vaccine (Medi-534 [MedImmune
LLC, Gaithersburg, Maryland]) for use
in young infants (�2 months) and in
older infants and young children (6-
�24 months) is currently undergoing
phase 1 and 2 clinical trials.28 Ideally,
such trials should be accompanied by
modeling studies of the potential con-
sequences on effectiveness of delayed de-
livery to older infants29,30 in whom vac-
cine safety and immunogenicity are
demonstrably improved.5,31

Of equal interest to the high preva-
lence of participants in the case group
with RSV detected, is the low propor-
tion of participants in the case group with
any of the other respiratory viruses. The
real-time PCR assay that we used has pre-
viously been shown to be sensitive for
these viruses.32 It is possible that the use
of nasal washings targets a site within the
upper respiratory tract that is preferred
by RSV over any other virus. However,
to our knowledge, there are no defini-
tive studies in the literature that clearly
identify selective bias in the range of res-
piratory viruses detectable in different
parts of the upper respiratory tract using
molecular diagnostics.

Influenza and HPIV-3 have been the
most frequently detected viruses, other
than RSV, in studies using traditional
diagnostics in sub-Saharan Africa. We
found that HCoV-229E and HMPV
were the most commonly detected non-
RSV viruses in case participants. How-
ever, these viruses appear to be com-
mon in the community (control group
participants) causing URTI, and some
are present in well control partici-
pants. In a nonepidemic period, we es-
timate that as much as approximately
6% of severe disease is associated with
FLUAV. There appears to be little po-
tential to prevent severe disease through
vaccination against HPIV-3.

Strengths of our study include sys-
tematic sampling of well-character-
ized hospitalized children from a well-
established, enumerated population
base, and detection of a comprehen-
sive set of respiratory viruses.

Our study has several limitations. As
in similar studies, our sampling missed
most deaths because nasal washing can-
not be conducted in the sickest chil-
dren. However, our sensitivity analysis
(model 3) suggests this is unlikely to sig-
nificantly alter the main findings. We did
not screen for rhinovirus and there were
a lack of radiographic data. Our data re-
flect a single site and findings in other
ecological settings may differ. We ap-
pliedWHOguidelinescarefully and there
was good availability of clinical staff, oxy-
gen, and drugs. Case fatality may differ
in locations where resources are more
constrained. Our well control partici-
pants were limited in number since we
didnotachieveour target sample sizedue
to factors outside of our control. Addi-
tionally, our well control participants
were a convenience sample and not
matched to exactly the same calendar
year. Small numbers resulted in wide CIs
in some subgroups. However, power was
sufficient (�99%) for our case-control
analysis of RSV. It is likely that not all
cases of severe pneumonia in the com-
munity were admitted to hospital, thus
our incidence estimates are the mini-
mum. There is a demonstrable decay
with increased distance from the hospi-
tal in the incidences of all childhood ad-
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missions and of admissions with detect-
able RSV.14 A study spanning only 1 year
and from a single location cannot ex-
pect to account for likely variation in the
occurrence of respiratory viruses from
year to year.

In summary, our study of the occur-
rence of respiratory viruses in chil-
dren admitted with clinical syn-
dromes of severe or very severe
pneumonia to a rural district hospital
in coastal Kenya has identified more
than 50% of case participants with a de-
tectable virus in whom RSV was clearly
predominant. We estimate that the pre-
vention of RSV-associated severe pneu-
monia might reduce all-cause clini-
cally severe or very severe pneumonia
admissions to the Kilifi District Hospi-
tal by one-third. This contrasts with no
evidence to suggest a marked effect on
such admissions would occur from the
prevention of any other respiratory vi-
rus, with the possible exception of
FLUAV. Further molecular-based stud-
ies of respiratory virus etiology of se-
vere pneumonia over longer periods
and in multiple settings in sub-
Saharan Africa are needed.
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