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Abstract. In Kenya, more than 10 million episodes of acute febrile illness are treated annually among children under
5 years. Most are clinically managed as malaria without parasitological confirmation. There is an unmet need to describe
pathogen-specific etiologies of fever. We enrolled 370 febrile children and 184 healthy controls. We report demographic
and clinical characteristics of patients with Plasmodium falciparum, group A streptococcal (GAS) pharyngitis, and
respiratory viruses (influenza A and B, respiratory syncytial virus [RSV], parainfluenza [PIV] types 1–3, adenovirus, human
metapneumovirus [hMPV]), as well as those with undifferentiated fever. Of febrile children, 79.7% were treated for
malaria. However, P. falciparum was detected infrequently in both cases and controls (14/268 [5.2%] versus 3/133 [2.3%],
P = 0.165), whereas 41% (117/282) of febrile children had a respiratory viral infection, compared with 24.8% (29/117) of
controls (P = 0.002). Only 9/515 (1.7%) children had streptococcal infection. Of febrile children, 22/269 (8.2%) were
infected with > 1 pathogen, and 102/275 (37.1%) had fevers of unknown etiology. Respiratory viruses were common in
both groups, but only influenza or parainfluenza was more likely to be associated with symptomatic disease (attributable
fraction [AF] 67.5% and 59%, respectively). Malaria was overdiagnosed and overtreated. Few children presented to the
hospital with GAS pharyngitis. An enhanced understanding of carriage of common pathogens, improved diagnostic
capacity, and better-informed clinical algorithms for febrile illness are needed.

INTRODUCTION

In the developing world, acute febrile illness is the most
common reason for presenting to a health-care provider, and
infections leading to these acute febrile illnesses are responsi-
ble for the large majority of childhood deaths after the neona-
tal period.1 For many years, health-care providers assumed that
malaria was the major etiology of childhood febrile illness, and
empiric treatment guidelines for fever in malaria-endemic
areas have emphasized antimalarial administration. Recently,
the burden of malaria has declined in several sub-Saharan
African countries2,3 including Kenya.4 These data, along with
the availability of rapid malaria diagnostics, have prompted
guideline revisions to advocate parasitological confirmation
of malaria infection prior to treatment. However, even in
areas in which malaria is historically low and other pathogens
are prevalent, it remains the clinical diagnosis in the majority
of patients.5,6 This practice persists in part due to incomplete
understanding of the burden of other etiologies of fever.
Of non-malaria etiologies of fever, multiple studies implicate

respiratory viruses as important causes of childhood fever in
east Africa.7–14 In addition, Kenya has a high burden of rheu-
matic heart disease,15–17 and it is likely that streptococcal
pharyngitis and acute rheumatic fever are underdiagnosed in
febrile patients, though it is unclear whether these patients
are presenting to a provider for care.
We conducted a case–control study of the etiologies of

pediatric fevers in a single outpatient clinic in western Kenya.
We enrolled consecutive febrile children and afebrile controls
and used enhanced diagnostic testing to estimate the relative
contributions to pediatric fevers of Plasmodium falciparum

malaria, respiratory viruses (including influenza A and B,
respiratory syncytial virus [RSV], parainfluenza virus [PIV]
types 1–3, human metapneumovirus [hMPV], and adenovirus),
and group A streptococcal (GAS) pharyngitis. Comparison
with asymptomatic controls allowed estimation of the fraction
of fevers attributable to each pathogen.

METHODS

Study site. Bungoma East district lies 70 km east of the
Kenya–Uganda border. The district is rural, and 52% house-
holds fall below the poverty line.18 Most families engage in
subsistence farming and small-scale animal husbandry. Very
few homes have access to electricity or municipal water,
although latrine coverage is high. Farming and animal hus-
bandry are interspersed closely with homes. Malaria transmis-
sion is perennial with a seasonal peak following the rains in
May–June. More than 95% households own an insecticide-
treated net.19 Approximately one-third of the district is under
surveillance through the Webuye Health and Demographic
Surveillance System (WHDSS). A database of > 80,000 resi-
dents and their vital statistics is maintained through biannual
household visits.
The study was conducted in the outpatient department of

Webuye District Hospital (WDH), which is located in the
single small peri-urban center of Bungoma East district
in the center of the WHDSS. WDH is a public hospital in
which 300–350 children are admitted per month and approxi-
mately 1,200 sick children under 5 years of age are cared
for on an outpatient basis (not including immunization and
specialty clinics).
Patient enrollment. Febrile children and afebrile controls in

a 2:1 ratio were enrolled continuously over a 13-month period
beginning in November 2011, with approximately equal num-
bers of children between 1–5 and 6–12 years enrolled each
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month to capture pathogen seasonality. Each day, the study
nurse identified all potentially eligible febrile children from
the queue at the outpatient department. Children were eligi-
ble if they had a temperature > 37.5°C and resided within the
WHDSS. We enrolled consecutive eligible children until the
quota was met for that month (17 febrile children between
1 year and 5 years and 17 febrile children between 6 and
12 years). Afebrile participants were enrolled to achieve a
1:2 ratio in each age category. Children with apparent skin or
soft-tissue infections were excluded owing to the lack of diag-
nostic uncertainty (N = 2). Only one child from any household
was eligible for enrollment. The parent or guardian of those
meeting the enrollment criteria provided consent for partici-
pation. Children older than 8 years of age provided assent.
Afebrile control children were enrolled from eye clinic,
follow-up visits for fractures, postoperative visits, or children
accompanying parents for other reasons. We excluded chil-
dren accompanying sick family members and those who had
objective fever or history of fever within the past 7 days.
Data and sample collection. A study nurse recorded vital

signs, performed a clinical exam, and administered a standard-
ized questionnaire. Immunization status was reported by the
parent or guardian (86%) or recorded from the child’s record
(14%). The laboratory technician drew venous blood sample
for malaria smear, hemoglobin level, and serum samples to be
stored for later analysis. The laboratory technician also per-
formed a throat swab, for rapid diagnosis of GAS pharyngitis,
and a nasopharyngeal swab, which was transferred to viral
transport media and frozen at −80°C.
Results of the physical exam, hemoglobin test, malaria

smear, and rapid streptococcal test were available immedi-
ately for review by the clinical officer, who evaluated the
patient, assigned a diagnosis, and recommended treatment
according to usual clinical practice. Final diagnosis and pre-
scribed treatment were recorded for all children.
Sample analysis. Group A Streptococcus was detected in

throat swabs using Clearview Strep A Exact II Dipstick
(Alere, Orlando, FL) according to manufacturer’s instruc-
tions. Hemoglobin concentration was measured using Mission
Plus Hb strips (ACON Laboratories Inc., San Diego, CA).
Nylon flocked swabs were used to collect nasopharyngeal
samples, which were then vortexed in a tube of viral transport
media (VTM). The VTM was transferred to cryovials and
frozen at −80°C within 48 hours. A total volume of 100 mL of
VTM was used for the total nucleic acid extraction with the
MagNa Pure 96 DNA and Viral NA large volume kit (Roche
Diagnostics GmbH, Mannheim, Germany) according to the
manufacturer’s instructions. The samples were then tested via
real-time quantitative reverse transcription–polymerase chain
reaction (qRT-PCR) using the AgPath-ID One-Step RT-PCR
Kit (Applied Biosystems, Carlsbad, CA) for eight viral path-
ogens (adenovirus, influenza A and B viruses, hMPV, PIV 1–3,
and RSV) as previously described.20

For purposes of immediate patient care, thick and thin
blood smears were prepared and stained with 5% Giemsa
and read by a laboratory technician. PCR was subsequently
performed on whole blood from all patients who provided a
whole blood sample (N = 401) using a real-time PCR assay
targeting the P. falciparum lactate dehydrogenase (pfldh)
gene on genomic DNA (gDNA) extracted from whole blood
using Chelex-100 (Sigma-Aldrich, St. Louis, MI).21 Cycle
threshold lines were set manually by personnel masked to

other clinical data; all plates included water as a negative
control, reaction plates were assembled in a PCR hood, and a
randomly selected subset of 20% samples were also tested in a
real-time PCR assay targeting human RNAse P to ensure
adequate gDNA extraction.
Sample size and data analysis.We calculated that 200 patients

would be required in each strata (febrile under 5, febrile 5 and
older, and afebrile) to estimate the strata-specific prevalence
of a pathogen expected to be present in 5% (±3%) patients
with 95% confidence.
Data were entered into a Microsoft Access database and

exported to Stata 11.2 (Statacorp, College Station, TX) for
analysis. c2 tests were used to compare categorical variables
across groups of patients and t tests were used for continuous
variables. A P value £ 0.05 was considered significant. Attrib-
utable fraction (AF) was calculated by estimating the odds of
fever among patients with and without each pathogen. A
separate logistic regression model was used to estimate odds
of fever for each pathogen and only children who were tested
for that pathogen were included in the model. Odds ratios
(ORs) were adjusted for age and gender. AF was calculated
as AF = 1 − 1/OR.
Ethical clearance. The study protocol was approved by the

Moi University Research and Ethics Committee, Webuye
District Hospital, and the Duke University Institutional
Review Board.

RESULTS

Enrollment. From November 2011 to December 2012, we
enrolled 554 participants, of which 276 (49.8%) were male,
and 344 (62.1%) were under 5 years of age; 370 (66.8%) were
febrile cases and 184 (33.2%) were afebrile controls (Table 1).
The majority of children (92.0%) over the age of 5 years were
in school. Of febrile children under age 5 years, 26.1% were
wasted (weight-for-age Z-score [WAZ] < −2), compared with
23.3% among afebrile children (P = 0.62). Very few children
reported chronic comorbid conditions, and these were equally
divided between febrile and afebrile children (human immu-
nodeficiency virus [HIV] N = 2, sickle-cell disease N = 8,
asthma N = 4); almost all (99.0%) were fully immunized as
per Kenya Ministry of Health guidelines.
Clinical presentations and management.Among 370 febrile

cases, the most common presenting symptom was cough
(48.4%) (Table 1). Vomiting, diarrhea, inability to drink or
breast-feed, and nasal congestion were other common pre-
senting complaints (each > 10%). Median duration of illness
was 2 days. Some patients had received treatment before pre-
sentation, including antimalarials (52/370 [14.1%]), antibacte-
rials (32/370 [11.1%], most commonly amoxicillin, trimethoprim/
sulfamethoxazole, or penicillin), or both (18/370 [4.8%]).
Severe anemia (Hb < 7.0 g/dL) was rare, but moderate anemia
(7–11 g/dL) was relatively common in both febrile (28.4%) and
afebrile children (27.7%). Abnormal physical examination
findings were rare. Malaria smear was interpreted as positive
for P. falciparum in 35.1% of all febrile patients and 26.7%
controls. Overall, 24% febrile children were admitted to the
hospital; none died during their subsequent hospital course.
Over 90% febrile children were given a clinical diagnosis of

malaria, including all nine with GAS pharyngitis. Of febrile
children, 41% were diagnosed with acute respiratory tract
infection (ARI) and 39% were diagnosed with both malaria
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and ARI. Treatment with antimalarials was common; 80% of
all children and 72% children with a negative routine smear
were prescribed antimalarials. 62% of all children were pre-
scribed an antibiotic, and 45% received both an antibiotic and
an antimalarial. Only four of eight febrile children with GAS
infection received an antibiotic, and seven of eight received
an antimalarial agent.

Among control children 85% reported no fever in the last
2 weeks, and 81% had no complaint on the day they were
enrolled. Of those who reported a complaint, none were visit-
ing the clinic for their complaints. A small number of controls
reported cough (10%) or congestion (3.8%).
Microbiologic diagnoses. Despite the high frequency of

malaria clinical diagnoses, only 14/268 (5.2%) febrile patients

Table 1

Clinical characteristics of febrile and afebrile children

Febrile Afebrile

P value

Total (N = 370) Total (N = 184)

n or mean (% or SD) n or mean (% or SD)

Patient demographics
Male 179 (48.4%) 97 (52.7%) 0.37
Age (years) 4.4 (2.82) 4.8 (3.14) 0.08
Under 5 241 (65.1%) 81 (44%) 0.04
In school 163 (44.8%) 84 (53.2%) 0.09
Anthropometrics (mean, SD)

MUAC (cm) 17.25 (8.48) 16.6 (2.31) 0.31
Severe or moderate malnutrition 3 (0.8%) 3 (1.6%) 0.38

Weight for age
Wasted (WAZ < −2)† 82/343 (23.9%) 32/161 (19.9%) 0.31

Received all immunizations 365 (98.9%) 183 (99.5%) 0.07
Vital signs
Temperature 38.16 (0.64) 36.7 (0.6) N/A
Duration of illness (days) 2.13 (2.1) − −

Respiratory rate 33.06 (9.41) − −

Tachypnea* 96 (26%) − −

Pulse (beats/min) 100.92 (22.59) − −

Symptoms
Cough 179 (48.4%) 19 (10.3%) < 0.001
Vomiting 59 (15.9%) 10 (5.4%) < 0.001
Diarrhea 39 (10.5%) 13 (7.1%) 0.19
Unable to drink/breast-feed 23 (6.2%) 0 (0%) < 0.001
Nasal congestion 37 (10.0%) 7 (3.8%) 0.01
Difficulty breathing 5 (1.4%) 0 (0%) 0.11
Chest pain 1 (0.3%) 0 (0%) 0.48
Headache 8 (2.2%) 2 (1.1%) 0.37
Convulsions 3 (0.8%) 0 (0%) 0.22
Sore throat 0 (0%) 0 (0%) −

Rash 6 (1.6%) 3 (1.6%) 1.0
Treatment prior to visit
Any 135 (36.5%) − −

Antimalarial 52 (14.1%) − −

Antibiotic 41 (11.1%) − −

Physical examination
Spleen enlarged 2 (0.5%) 0 (0%) 0.32
Liver enlarged 2 (0.5%) 0 (0%) 0.32
Palmar pallor 2 (0.5%) 2 (1.1%) 0.47
Conjuctival pallor 1 (0.3%) 1 (0.5%) 0.61
Wasting 3 (1.1%) 3 (1.63%) 0.38
Rash 10 (2.7%) 3 (1.63%) 0.56
Throat

Tonsillar exudates 1 (0.3%) 2 (1.1%) 0.22
Mouth ulcer 4 (1.1%) 1 (0.5%) 0.53

Ears
Discharge 6 (1.6%) 1 (0.5%) 0.29
Signs of infection 8 (2.2%) 0 (0%) 0.05

Neck
Adenopathy 2 (0.5%) 0 (0%) 0.32
Neck stiffness 2 (0.05%) 0 (0%) 0.32

Heart murmur 2 (0.5%) 1 (0.5%) 0.99
Lungs

Crepitations 2 (0.5%) 0 (0%) 0.32
Chest indrawing/stridor 2 (0.6%) 0 (0%) 0.32
Wheezing 4 (1.1%) 12 (6.5%) 0.001

Dehydration 4 (1.4%) 0 (0%) 0.16

MUAC = mid upper arm circumference; SD = standard deviation; WAZ = wasted-for-age Z-score.
*According to WHO criteria: > 40 BPM for under 5 and > 30 for over 5.
†WAZ up to 10 years only.
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and 3/133 (2.3%) controls tested positive for P. falciparum in
a real-time PCR assay (Table 2).
Among febrile children, influenza (20.3%) was the most

common respiratory virus detected by PCR assays of naso-
pharyngeal specimens. Influenza appeared seasonal, with all
influenza A cases presenting between November 2011 and
April 2012 and a subsequent series of influenza B cases
between August 2012 and December 2012 (Figure 1). Other
common viruses detected were adenovirus (10.5%) and PIV1/
2/3 (10.1%). All tested viruses were also detected in the afe-
brile controls. Influenza and PIV were found more commonly
in febrile children than among controls (Table 2).
Rapid streptococcal tests were positive in only eight (2.3%)

febrile children and one (0.6%) afebrile child. Of the eight

febrile children with GAS pharyngitis, one reported sore
throat and one met Jones criteria for acute rheumatic fever.22

Overall, 8.2% febrile patients were infected with more than
one pathogen. Children with influenza were significantly
more likely to report a family member ill with similar symptoms
than children with malaria, adenovirus, or RSV (P < 0.05).
When comparing microbiological diagnoses to clinical man-

agement, we find that 93.1% children infected with influenza
were diagnosed with malaria, 82.7% received an antimalarial
agent, 67.2% received an antibacterial agent, and 51.7%
received both. Of children, 50% with influenza and 24.1%
with PIV were diagnosed with acute respiratory tract infec-
tion. Of those with positive malaria PCR, 85.7% received an
antimalarial agent, 57.1% received an antibiotic, and 42.9%
received both.
Clinical and microbiologic correlations. On the basis of

microbiologic results, we assigned febrile children to diagnostic
groups for malaria (5.2%), GAS (2.3%), respiratory virus
(41.5%), or other/unknown (37.1%) and used these assign-
ments to evaluate associations with clinical data (Table 3).
Most notably, compared with children in whom no respiratory
virus was detected, children with any respiratory virus more
frequently reported that other family members were ill
(21.4%), complained of cough (65%), and were tachypneic
(35%; all P < 0.05). Among children with a respiratory virus
detected, there was a trend toward more diarrhea (6/30 [20%])
in children infected with adenovirus (Table 4) (P = 0.11).
Though 10% afebrile controls reported cough, there was

no significant association between infection and cough in
afebrile children.
Population attributable fraction of microbiologic etiologies.

Asymptomatic carriage of pathogens is common, and the pro-
portion of fevers or illness caused by a detected pathogen
can be estimated by comparing carriage in healthy children.

Table 2

Pathogens in febrile and afebrile subjects

Pathogens present

Febrile Afebrile

Total (N = 370) Total (N = 184)

Number/tested % Number/tested %

Malaria† 14/268 5.2% 3/133 2.3%
GAS 8/354 2.3% 1/161 0.6%
Influenza A/B 58/286 20.3%* 9/118 7.6%*
RSV 15/284 5.3% 8/118 6.8%
PIV1/2/3 29/286 10.1%* 5/118 4.2%*
Adenovirus 30/286 10.5% 10/118 8.5%
hMPV 9/286 3.2% 2/118 1.7%
Coinfected‡ 22/269 8.2% 5/115 4.4%
Other/unknown§ 102/275 37.1%* 59/116 50.9%*

hMPV = human metapneumovirus; GAS = group A streptococcal; PIV = parainfluenza virus;
RSV = respiratory syncytial virus.
*P < 0.05 for comparison between Febrile and Afebrile.
†As detected by a real-time polymerase chain reaction (PCR) assay.
‡Denominator for each pathogen includes all children tested for that pathogen. Children

are only included in denominator of “Coinfected” if they were tested for both malaria and
respiratory viruses or if they were GAS positive and had another infection (N = 1).
§Children only included in denominator of other/unknown if tested for all three pathogens.

Figure 1. Seasonality of malaria, influenza A, and influenza B in febrile children. * No patients were tested for influenza in May.
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Pathogens equally prevalent in cases and controls are consid-
ered infrequent contributors to febrile illness, and pathogens
detected only in febrile children would be considered likely to
be causing fever. In our study population, P. falciparum, influ-
enza, PIV, RSV, hMPV, and adenovirus were each detected
in both febrile cases and afebrile controls, but only influenza
and PIV were detected significantly more frequently in febrile
than afebrile children. We thus estimated the odds of fever
given infection for influenza and PIV and calculated, among
children with each pathogen, the fraction of fevers attribut-
able to each (Table 5). In this analysis, of 58 febrile children
with influenza, 67.5% could attribute their fevers to the virus
while the remaining 32.5% have afebrile influenza infection.
The percentage is slightly higher in younger children. There
was a trend toward greater odds of being febrile with PIV
(OR = 2.47, P = 0.069), with an estimated AF of 59%. There
were no afebrile children under 5 years with P. falciparum;
therefore, the AF of fever could not be calculated in this
age group.

DISCUSSION

We demonstrate that among febrile children presenting in
2011–2012 to a rural Kenyan district hospital, malaria was
both uncommon and overdiagnosed, respiratory viruses
including influenza and PIV were common, and GAS pharyn-
gitis was rare.

Respiratory pathogens were common: we detected at least
one virus in nearly half of all febrile patients and, importantly,
one-third of afebrile children. Comparing these groups, only
influenza and PIV were more common in febrile than afebrile
children. We draw two important conclusions from this obser-
vation. First, respiratory viruses were overall more commonly
associated with febrile illness than malaria. Second, a substan-
tial proportion of respiratory viral infections did not cause an
overt febrile illness, at least at the time of presentation. There-
fore, efforts to estimate the burden of illness of these pathogens
should include surveillance of asymptomatic control patients.
In malaria-endemic areas, it is not possible to clinically

distinguish falciparum malaria from other etiologies of
fever.23–25 Indeed, in our study, the clinical presentations of
respiratory viruses and malaria were not sufficiently distinct
to allow them to be distinguished without pathogen-specific
testing. For example, while cough was more common in those
with influenza than malaria (67.2% versus 21.3%), nearly
one-third of patients with influenza did not report cough, and
nearly one-quarter of patients with malaria did have cough.
Similarly, tachypnea was common in both groups, and abnor-
mal findings on physical exam were uncommon in both
groups. Improved point-of-care diagnostics are needed to dis-
criminate treatable etiologies of fever in these children.
GAS pharyngitis was rare in our study, despite the high

prevalence of rheumatic heart disease in Kenya.15,16 Several
explanations may account for this observation. First, strepto-
coccal pharyngitis is primarily a disease of children between

Table 3

Clinical characteristics of febrile patients by pathogen type

Malaria GAS Respiratory virus Other/unknown†

Number/tested (%) 14/268 (5.2%) 8/354 (2.3%) 117/282 (41.5%) 102/275 (37.1%)
Children
Age (years)

Under 5 (%) 8 (57.1%) 3 (37.5%) 77 (65.8%) 64 (62.8%)
Over 5 (%) 6 (42.9%) 5 (62.5%) 40 (34.2%) 38 (37.3%)

Male 7 (50%) 1 (12.5%) 57 (48.7%) 51 (50%)
Temperature (mean, SD) 38.8 (1.4) 38.5 (0.49) 38.3 (0.67) 38.0 (0.50)
Other family members ill 2 (14.3%) 0 (0%) 25 (21.4%)* 7 (6.9%)

Clinical
Pulse 112.9 (27.9)* 102.8 (13.5) 103.1 (21.3) 104.2 (25.0)
Respiratory rate 34.7 (9.9) 33.5 (9.95) 34.5 (9.18) 32.3 (11.4)
Tachypnea 4 (28.6%) 2 (25%) 41 (35.0%)* 15 (14.7%)
Hemoglobin 10.3 (2.4) 12.1 (2.6) 11.7 (1.6) 11.5 (1.59)
Anemia

Severe 2 (14.3%) 1 (12.5%) 2 (1.7%) 1 (1.0%)
Moderate 5 (35.7%) 0 (0%) 29 (24.8%) 34 (33.3%)
Normal 7 (50%) 7 (87.5%) 86 (73.5%) 67 (65.7%)

Symptoms
Diarrhea 0 (0%) 0 (0%) 13 (11.1%) 8 (7.8%)
Cough 3 (21.3%) 1 (12.5%) 76 (65.0%)* 40 (39.2%)
Unable to drink/breast-feed 2 (14.3%)* 0 (0%) 9 (7.7%) 7 (6.9%)
Nasal congestion 0 (0%) 2 (25.0%) 10 (8.6%) 11 (10.8%)
Vomiting 4 (28.6%) 2 (25.0%) 23 (19.7%) 9 (8.8%)

Hospital diagnosis
Malaria 13 (92.9%) 8 (100%) 112 (95.7%) 86 (84.3%)
ARI/URTI 4 (28.6%) 2 (25%) 50 (42.7%) 41 (40.2%)

Treatment
Antimalarial 12 (85.7%) 7 (87.5%) 93 (79.5%) 76 (74.5%)
Antibiotic 8 (50%) 4 (50%) 79 (61.5%) 63 (55.9%)
Both 6 (42.9%) 3 (37.5%) 57 (43.6%) 44 (37.3%)

Hospitalization
Admitted 9 (64.3%)* 3 (37.5%) 26 (22.2%) 14 (13.7%)
Days in hospital 3.44 (1.51) 3 (1.41) 3.11 (0.90) 3.7 (1.27)

GAS = group A streptococcus.
*P < 0.05.
†Children only included in denominator of other/unknown if tested for all three pathogens.
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the ages of 5 and 15 years26 and the majority of children
enrolled in this study were under the age of 5 years; however,
even among 129 febrile patients of ages 5 years and over, as
well as 81 afebrile patients in this age group, only 5 tested
positive for GAS throat infection. A second possibility is that,
within populations, streptococcal infections are epidemic, and
we sampled in a period between outbreaks. However, in low-
income countries, there are an estimated 0.4 cases of symp-

tomatic GAS pharyngitis per person per year,16 so it seems
unlikely that this evidently high risk population would be
almost entirely free of infection. Third, the sensitivity of our
rapid antigen detection test may not have been sufficient to
detect asymptomatic throat carriage. To evaluate this possi-
bility, we performed culture on sheep blood agar of 58 throat
swabs obtained concurrently with the sample used for the
rapid strep test and noted no increase in prevalence in this
subset (data not shown). A fourth possibility is that pre-
enrollment antibiotic treatment (most commonly amoxicillin,
trimethoprim/sulfamethoxazole, or penicillin) may have erad-
icated streptococcal infection. However, less than 10%
patients reported receipt of an antibacterial agent prior to
presentation. Finally, a fifth and perhaps most likely explana-
tion is that symptomatic group A pharyngitis does not prompt
treatment seeking in our study population. This has been
observed elsewhere.27,28 The same may be true for acute rheu-
matic fever, which can cause severe acute illness but com-
monly presents with subtle manifestations, especially with
recurrent episodes.29 Our study supports the notion that, to
prevent rheumatic heart disease, efforts to treat streptococcal
pharyngitis and acute rheumatic fever will need to be imple-
mented in community settings.
Malaria prevalence in febrile and afebrile patients as mea-

sured by P. falciparum PCR was low, in stark contrast with
the microscopic diagnosis performed in the hospital. However,
three-quarters of children with a documented negative smear
still received an antimalarial, indicating that overtreatment

Table 4

Respiratory viruses in febrile children and clinical characteristics

Influenza RSV PIV1/2/3 Adenovirus hMPV Coinfected†

Number/tested (%) 58/286 (20.3%) 15/284 (5.3%) 29/286 (10.1%) 30/286 (10.5%) 9/286 (3.15%) 21/278 (7.6%)
As a percent of all respiratory viruses 50.60% 10.50% 21.70% 21% 6.30% −

Percent occurring with other viruses 12.50% 46.20% 50.00% 39.30% 55.60% −

Children
Age (years)

Under 5 (%) 36 (62.1%) 11 (73.3%) 20 (69.0%) 21 (70.0%) 6 (66.7%) 14 (66.7%)
Over 5 (%) 22 (37.9%) 4 (26.7%) 9 (31.0%) 9 (30.0%) 3 (33.3%) 7 (33.3%)

Male 29 (50%) 9 (60.0%) 13 (44.8%) 14 (46.7%) 5 (55.6%) 12 (57.1%)
Temperature (mean, SD) 38.4 (0.70) 38.2 (0.66) 38.2 (0.698) 38.3 (0.54) 38.1 (0.72) 38.3 (0.66)
Other family members ill 18 (31.6%)* 1 (6.67%) 6 (20.7%) 3 (10%) 1 (12.5%) 5 (23.8%)

Clinical
Pulse 108.3 (24.4)* 104.5 (16.8) 100.9 (16.0) 97.6 (16.9) 108.7 (24.6) 113.1 (16.4)
Respiratory rate 34.9 (7.3) 32.3 (9.16) 33.7 (11.8) 35.9 (11.2) 36.9 (13.8) 36.8 (13.4)
Tachypnea 26 (44.8%) 4 (26.7%) 9 (31.0%) 9 (30.0%) 4 (44.4%) 10 (47.6%)
Hemoglobin 12.0 (1.76) 11.53 (1.70) 11.3 (1.15) 11.72 (1.40) 11.58 (1.20) 11.7 (1.13)
Anemia

Severe 1 (1.75%) 1 (6.67%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Moderate 11 (19.3%) 2 (13.3%) 11 (37.9%) 8 (26.7%) 3 (33.3%) 6 (28.6%)
Normal 45 (79%) 12 (80.0%) 18 (62.1%) 22 (73.3%) 6 (66.7%) 15 (71.4%)

Symptoms
Diarrhea 6 (10.3%) 1 (6.67%) 2 (6.90%) 6 (20.0%) 1 (11.1%) 3 (14.3%)
Cough 39 (67.2%) 11 (73.3%) 18 (62.1%) 17 (56.7%) 5 (55.6%) 13 (61.9%)
Unable to drink/breast-feed 7 (12.1%) 0 (0%) 2 (6.90%) 1 (3.33%) 1 (11.1%) 2 (9.5%)
Nasal congestion 3 (5.2%) 4 (26.7%) 5 (17.2%) 2 (6.67%) 1 (11.1%) 4 (19.1%)
Vomiting 8 (13.8%) 3 (20.0%) 5 (17.2%) 10 (33.3%) 2 (22.2%) 6 (28.6%)

Treatment
Antimalarial 48 (82.8%) 10 (66.7%) 19 (65.5%) 27 (90%) 6 (66.7%) 15 (71.4%)
Antibiotic 39 (67.2%) 11 (73.3%) 20 (68.9%) 19 (63.3%) 6 (66.7%) 16 (80%)
Both 30 (51.7%) 7 (46.7%) 11 (37.9%) 16 (53.3%) 3 (33.3%) 10 (50%)

Hospitalization
Admitted 15 (25.9%) 2 (13.3%) 6 (20.7%) 6 (20.0%) 2 (22.2%) 4 (19.1%)
Days in hospital 3.17 (1.03) 4 3 (0) 3.67 (1.15) 3 (1.41) 3.33 (0.58)

hMPV = human metapneumovirus; PIV = parainfluenza virus; RSV = respiratory syncytial virus; SD = standard deviation.
*P < 0.05.
†Defined as ³ 2 respiratory viruses. Only one child was coinfected with malaria plus a respiratory virus, and one child was coinfected with group A streptococcus (GAS) plus a respiratory virus;

these two are not included in the coinfected group here.

Table 5

AF estimates

OR P AF

Malaria 2.420 0.172 −

Under 5* − − −

Over 5 1.161 0.848 −

Flu 3.080 0.003 0.675
Under 5 2.920 0.034 0.658
Over 5 3.500 0.030 0.714

RSV 0.750 0.525 −

Under 5 0.960 0.946 −

Over 5 0.510 0.352 −

PIV1/2/3 2.474 0.069 0.596
Under 5 1.860 0.281 −

Over 5 5.510 0.111 −

Adenovirus 1.210 0.625 −

Under 5 1.290 0.601 −

Over 5 1.300 0.679 −

AF = attributable fraction; OR = odds ratio; PIV = parainfluenza virus; RSV = respiratory
syncytial virus.
*There were no afebrile children under 5 years with parasitemia so the odds of fever could

not be estimated.
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with antimalarials is not simply related to lack of access
to diagnosis.
Our study had several limitations. First, information on

comorbid illnesses was reported by the parent or guardian
and may therefore be inaccurate. We did not test for HIV
infection; however, HIV prevalence in adolescents in the
study catchment area is known to be less than 1%,30 and
prevalence in younger children is similarly low (Wendy P.
O’Meara, personal communication). Second, entrance physi-
cal examinations were performed by the study nurse, and
sensitivity and specificity of those physical exam findings is
unknown. However, this does reflect the realities of care and
staffing levels at the district hospital level, and prior literature
suggests there is poor predictive value of signs in this setting.
Third, we examined a limited set of pathogens in a population
that is likely affected by many others.5,31–33 Further testing of
banked samples is ongoing. Finally, our control group was not
randomly selected, instead being drawn from patients pre-
senting to the hospital for other reasons. Therefore, bias may
have been introduced if this group is not representative of
either the pediatric population as a whole or the population
from which the cases were drawn (if, for example, treatment-
seeking behaviors are different for patients with febrile illness
compared with other diagnoses). Nevertheless, our afebrile
controls were similar demographically to the febrile cases.
Despite these limitations, this study has several notable

strengths. First, by looking at a broader spectrum of potential
pathogens, including parasites, viruses, and a bacterial patho-
gen, we were able to describe the relative frequency of these
disease-causing agents within the same children. Second, by
enrolling both patients who were managed as outpatients as
well as those ultimately admitted to the hospital, we capture a
more complete spectrum of febrile illness than focusing solely
on hospitalized patients. In addition, our study population
was not limited to those with respiratory symptoms. Previous
work has focused on the etiology of acute respiratory infec-
tions or pneumonia in patients presenting with respiratory-
specific symptoms.7,12,14 However, we found that 30% children
who would not have been classified as an acute respiratory
illness were infected with a respiratory virus. Finally, the
inclusion of afebrile controls allows us to estimate the back-
ground prevalence of malaria, respiratory viruses, and group
A Streptococcus during the study period, and thus to calculate
attributable fractions for fever. This is especially important
given that each of these pathogens can cause symptomatic or
asymptomatic infection (i.e., carriage). In our study, carriage
of pathogens was common and this is likely true in other
contexts. Such information should be held in mind when
interpreting the results from fever etiology studies lacking a
comparison group.
The costs of malaria overdiagnosis are high, including the

morbidity of the missed opportunity for identification and
treatment of the actual underlying illness, the financial costs
of malaria medications, and the cost of increased selection
pressure leading to malaria drug resistance. There is an unmet
need for improved diagnostic capacity and improved clinical
algorithms for acute febrile illnesses. Access to diagnostic
testing must go hand in hand with better understanding of
the relationship between carriage and disease, and confidence
to use the results to guide treatment decisions; only then
will it be possible to improve care of the child with acute
febrile illness.
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