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Abstract.

A cross-sectional study was performed in children 5 through 10 years of age presenting to outpatient clin-

ics in Nyanza Province, Kenya, in which nasal swab and blood specimens were collected during the high malaria trans-
mission season. Patients presenting with malaria-like symptoms within 4 days of fever onset were enrolled in the study.
Plasmodium parasitemia was determined by blood smear microscopy. Nasal swabs were screened for a panel of respira-
tory viruses by polymerase chain reaction. Influenza A, rhinoviruses, and other respiratory viruses were detected in 18%,
26%, and 12% of 197 specimens, respectively. Four of 36 patients with influenza A had a positive malaria blood slide,
compared with 20 of 52 patients with rhinovirus. A significant burden of disease caused by influenza A in febrile children
during the study period was observed, highlighting the need for further research into the burden of influenza disease in

regions where malaria is holoendemic.

INTRODUCTION

The importance of malaria infection in children is well
appreciated in Africa, but little is known about the burden
of viral respiratory disease in malaria-endemic populations.
Influenza and other viral respiratory infections are often not
distinguishable from other acute febrile diseases in the trop-
ics.! Limited diagnostic capacity within this region ensures
that the etiology of community-acquired pediatric viral infec-
tions remains largely unknown. In temperate regions, the
limited seasonality of certain respiratory infections enables
the diagnosis of specific viral diseases based on clinical syn-
dromes, such as bronchiolitis during respiratory syncytial
virus (RSV) outbreaks. In contrast, many respiratory viruses
may be endemic or emerge throughout the year in tropical
and subtropical regions and the local epidemiology is unpre-
dictable. For example, influenza viruses have been docu-
mented to circulate during many months of the year or even
throughout the entire year in some areas, whereas these same
viruses may predominate during specific seasons in other
regions.”® Furthermore, although the burden of viral respi-
ratory disease in hospitalized young children in Kenya has
been reported in studies using sensitive molecular diagnostic
methods, there are few data reported on viral infections in
outpatients.’

Given the high incidence of respiratory infection in malaria
endemic regions, understanding the overlap between these
two causes of disease is critical for informing clinical manage-
ment and minimizing inappropriate anti-malarial treatment.
Sensitive and reliable laboratory techniques that can distin-
guish respiratory viral infections from malaria are required. In
this study, we prospectively evaluated children with a history
of fever and symptoms suspicious for malaria who attended
outpatient clinics in two sites in western Kenya. We specifically
studied children > 5 years of age in whom partial immunity to
malaria had been acquired to better appreciate the impact of
common community-acquired respiratory viruses in situations
of reduced susceptibility to malaria.
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METHODS

The study was conducted from April through July 2007, dur-
ing the season of intense malaria transmission. Patients eli-
gible for this study were required to be 5 through 10 years
of age, and have experienced acute and recent onset of fever
(within 4 days) with suspicion of malaria infection at the time
of presentation at the outpatient clinics. This study was part of
a cross-sectional study that evaluated etiologies of fever under
a protocol approved by the following institutional review
boards: Kenya Ethical Review Committee, ERC #1117; Walter
Reed Army Institute of Research (WRAIR), HURC #1315;
and PATH Research Ethics Committee, HS #358. The par-
ticipating hospitals were Kombewa Subdistrict Hospital and
Kondele Children’s Hospital (Kisumu), both in the Nyanza
province of Kenya. Participants were informed about the
study by the study nurse. Following written informed consent
from a parent or guardian, and assent from children > 6 years
of age, each child had a nasal-pharyngeal swab obtained, blood
drawn, and the child and/or family member answered a short
questionnaire administered by a study physician or clinical
officer.

Plasmodium infection was determined by light microscopy.
Depending on parasite density, thin or thick malaria blood
films were read by two blinded experienced microscopists
according to published methodology.'® Hemoglobin concen-
trations were determined by a hematology analyzer (Coulter
Counter, Ac.T 5diff CP, Beckman Coulter, USA) on fresh
samples taken at the time of clinic visit.

A single nylon flocked nasal swab (Copan Diagnostics, Inc.,
USA) was inserted midway into the nasal-pharynx of par-
ticipating children. This swab was then inoculated into 2 mL
of viral transport media, the swab removed, and the sample
stored at —80°C. Nucleic acid was extracted from samples
and tested for RSV; influenza viruses A and B; parainfluenza
viruses 1, 2, 3, and 4; human metapneumovirus; adenoviruses;
coronaviruses; and rhinoviruses using real-time polymerase
chain reaction (PCR) as described previously.!'* Influenza A
viral infections were confirmed by a separate real-time PCR'*
assay performed on the same samples in different laboratories,
blinded both to each other’s results and to microscopy results
(data not shown).
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RESULTS

A total of 197 children 5 through 10 years of age were
enrolled during 4 months in the rainy season at two clinics in
the western Kenya province of Nyanza. The clinical profiles
and Plasmodium infection status for this cohort are shown in

Table 1. Altogether, 112 viral respiratory infections were
detected in 103 of 197 patients (52%) (Table 2), and nine
children had two respiratory viruses detected simultaneously,
including 5 specimens with both influenza A and rhinovirus;
1 with influenza A and coronavirus; and 1 each with rhinovi-
rus plus coronavirus, human metapneumovirus, or influenza B.
Malaria infection with Plasmodium falciparum was detected in
67/197 (34%) patients overall, and in 29/103 (28%) of children
with respiratory viral infections. The most common respira-
tory virus detected was rhinovirus, 52/197 (26.4%). Sixty respi-
ratory virus infections other than rhinoviruses were detected,
but influenza A accounted for over half of the infections
(N = 36). Of the 36 patients with influenza A infection, only
4 were positive for malaria as determined by microscopy (11%,
P =0.001). In contrast, 20 of the 52 patients with rhinovirus
infections were positive for malaria (38%, P = 0.090) (Table 2).

Peripheral blood hemoglobin concentrations in relationship
to infection are shown in Figure 1. Hemoglobin concentra-
tions were statistically higher in children with influenza infec-
tion as compared with children with malaria infection and no
influenza infection (significance determined by a two-tailed
Mann-Whitney U test).

DISCUSSION

Viral respiratory infections were documented in 103/197
(52%) children attending outpatient clinics in western Kenya
with clinical disease consistent with malaria, but importantly, 74
of these children did not have demonstrable malaria parasites
by blood smear microscopy. Excluding rhinovirus infection,
48 subjects had respiratory viral infections with undetectable
parasitemia with influenza A accounting for 32 of these (67%).
This represents a surprisingly high incidence of influenza A
infection for a cohort not recruited specifically for upper viral
respiratory infections and for children outside the toddler age
range. Our study shows that clinical symptoms associated with
influenza—such as fever, myalgia, and headache—may mimic
those symptoms associated with malaria in this age group and
that specific laboratory testing may be required to differenti-

TABLE 1

Clinical profiles and malaria infection rates in patients recruited to
the study*

Total number of patients 197

Age* 7 years (5,9)
Body temperature* 38.8°C (38.1,39.6)
Days since onset of fever* 3 days (1,4)
Percent male 54%
Number of malaria positive by blood

smear (%) 67 (34%)
Number of P. falciparum infections (%) 67 (34%)
Number of P. ovale infections 1

Number of P. malariae infections 1
Geometric mean parasite density/uL
(range) 23,605 (range: 46-491, 640)

*The 10th and 90th percentiles are shown in brackets on the right of the median values. The
episodes of Plasmodium ovale and Plasmodium malariae infections were both co-infections
with Plasmodium falciparum.

TABLE 2

Co-infections of viral respiratory viruses as determined by real-time
polymerase chain reaction (PCR) and Plasmodium falciparum
in a cohort of children recruited to the study with symptoms of
malaria*®

Viral infections in  Viral infections in

malaria negative ~ malaria positive ~ Total number of

subjects (% total  subjects (% co- virus infections
N=81) infections N =31) (% total N =112)

Respiratory syncytial

virus 0 1(3%) 1(1%)
Influenza A 32 (40%) 4 (13%) 36 (32%)
Influenza B 1(1%) 1(3%) 2(2%)
Parainfluenza 1 0 0 0
Parainfluenza 2 2(2%) 2(6%) 4 (4%)
Parainfluenza 3 0 0 0
Parainfluenza 4 0 0 0
Human

metapneumovirus 2(2%) 0 2(2%)
Adenoviruses 7(9%) 1(3%) 8(7%)
Coronaviruses 5(6%) 2 (6%) 7(6%)
Rhinoviruses 32 (40%) 20 (65%) 52 (46%)
Total viral infections 81 31 112
Number of subjects

with viral infections 74 29 103
Total viral infections

(rhinovirus excluded) 49 11 60

Number of subjects with
viral infections
(rhinovirus excluded) 48 11 59

*Malaria infection status was defined by blood smear microscopy.

ate these infections. Previous data from Kenya have observed
high incidence levels of RSV and influenza in the < 5 age
group,”>17 but the prevalence and even seasonality of influ-
enza virus infections in much of Africa in other populations
and age groups remain largely unknown. The high rates of
influenza virus infection documented in this small cross-sec-
tional study from a limited area indicates that the burden of
influenza disease is likely to be systematically underestimated
in part because of the clinical bias that malaria is responsible
for much of the febrile disease during childhood.

Rhinovirus was the most common respiratory virus detected
in this study. This virus is becoming increasingly recognized
as a major cause of hospitalization for acute respiratory dis-
ease in children of all ages in industrialized countries,'® and
an important pathogen associated with fever in children, lead-
ing to outpatient visits and exacerbation of reactive airway
disease. The burden of febrile disease related to rhinovirus in
Africa is not well described in large part because the diagno-
sis of rhinovirus infection was problematic before the advent
of sensitive real-time PCR techniques. We note the high preva-
lence of rhinovirus detection in our sample, but acknowledge
that rhinovirus shedding as detected by PCR methods may be
prolonged, and that viral detection by PCR is not necessarily
proof of acute infection.” By comparison, detection of other
respiratory viruses such as influenza or RSV by PCR gener-
ally is an indicator of recent disease and long-term, persis-
tent shedding of these parmyxo- and myxoviruses is generally
uncommon except in profoundly immunosuppressed patients.
The RSV was not a major contributor to viral infection in our
cohort despite our use of a sensitive testing method, although
our period of testing was relatively short and may have missed
the RSV season. Furthermore, RSV is likely to be more com-
mon in younger children than the population targeted in this
study.21617
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Ficure 1. Peripheral blood hemoglobin concentrations and infection status. Malaria infection status was determined by blood smear micros-
copy; influenza A and rhinovirus infection were determined by polymerase chain reaction (PCR) from nasal swab specimens. Peripheral blood
hemoglobin concentrations in patients that have malaria infection but not influenza A infection (Malaria+ Flu A-), all patients that have influenza
A infection (Flu A+), patients that have malaria infection but not rhinovirus infection (Malaria+ Rhino-), patients with influenza A infection but no
malaria infection (Flu A+, Malaria—), and patients with rhinovirus infection but no malaria infection (Rhino+ Malaria—). The top of the box repre-
sents the 75th percentile, the bottom of the box represents the 25th percentile, and the line in the middle represents the 50th percentile. The whiskers
(the lines that extend out the top and bottom of the box) represent the highest and lowest values that are not outliers or extreme values.

Very few data are available regarding the overlap of influ-
enza A and malaria in the age group we evaluated.! Most
data have emanated from travelers returning from malaria-
endemic countries where malaria infections are often attrib-
uted to influenza because of the similarity of the clinical
syndromes.** An extensive influenza epidemiological study
performed in Senegal from 1996 through 1998 suggests that
the peak acute respiratory infection and influenza periods
occur during the hot and rainy season (June-September) in
western Africa.’® In this same study, the majority of patients
presenting with acute respiratory infection were < 15 years of
age, although influenza A was isolated equally from all age
groups. Our specimens were collected during the rainy and
peak malaria transmission season, corresponding to the peak
season for influenza transmission observed in other tropical
countries and in a vulnerable age group.”” However, the high
incidence of influenza, particularly in those children who did
not have laboratory evidence of malaria, was unexpected.

In astudy investigating the interactions between malaria and
influenza in patients of all ages from a malaria holoendemic
region (Rufigi, Tanzania), it was suggested that influenza A
infection and measles infection repressed parasitemia.’* Of
interest, serology using complement fixation was used to diag-
nose influenza infection. This study also noted that all children
under the age of 10 with influenza reported fever as a clinical
symptom. We observed that patients with influenza A infec-
tion were least likely to have levels of parasitemia detectable
by microscopy in our study. However, most of these patients
had sub-microscopic levels of parasitemia as determined by
reverse transcription-PCR (RT-PCR) (unpublished results,
Waitumbi JN). Additionally, we observed that hemoglobin lev-
els in patients with influenza A were significantly higher than
in patients who were blood smear positive for malaria and
who were negative for influenza A (P > 0.001) (Figure 1). This
implies that children with influenza, even with possible malaria,
have influenza as their primary disease, and not malaria. This is

in contrast to observations in patients infected with rhinovirus.
Interestingly, patients infected with influenza A and without
microscopic evidence of malaria also had a significantly higher
concentration of hemoglobin than blood smear negative,
rhinovirus-positive patients, possibly because of the role of
other co-infections in the latter population (Figure 1 and
unpublished data, Waitumbi JN).

The data presented in this study are constrained by the short
recruitment period (April-July 2007) and the age group (5-10
years of age). Future studies should include the higher malaria
risk group of children from birth through 4 years of age in
whom both the incidence and severity of both viral respiratory
diseases and malaria infection is higher.

Our data suggest that, in this population of outpatients pre-
senting with recent acute febrile illness, children with influenza
A may have a distinct syndrome from malaria that is char-
acterized by absence of malaria parasites and a much higher
hemoglobin level than that seen in children with malaria or
the ubiquitous rhinovirus. Understanding the overlap between
respiratory viral infection and malaria in disease presentation
is critical toward providing more accurate case management
as well as assessing the potential impact of influenza vaccine
programs in these regions. Further research into co-infection
and interactions between malaria and viral respiratory disease
is warranted.
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