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Abstract

We sought to understand the burden of influenza among febrile pediatric patients
presenting to Webuye District Hospital in the municipality of Webuye, western Kenya.
Overdiagnosis of malaria is a tremendous problem in this region, and as such, there is a
need to distinguish between malaria and other causative agents of fever. Rapid
diagnostic tests were used to determine the prevalence of influenza in this population.
Bivariable analyses were done using the Kruskal-Wallis and Fisher’s Exact tests, and
multivariable logistic regression was utilized to understand the relationship between
individual clinical symptoms and the likelihood of patients” having flu. The prevalence
of influenza in the study population was determined to be 16.8%. According to Receiver
Operator Characteristic (ROC) Curve Analysis of the multivariable logistic regression
models, fever temperature, cough, hemoglobin level, and vomiting were all associated
with flu status; taken together, these symptoms could potentially serve as an aid in
triaging patients at their time of seeing a provider. However, laboratory tests such as
polymerase chain reaction (PCR), viral cell culture, and malaria blood smear readings
remain the ideal method for distinguishing between influenza and malaria in febrile

pediatric patients.

iv



Dedication

This work is dedicated to my mother, Manjusri Basu.



Contents

ADSETACE ..o iv
List Of TabIeS......coooiiiiiiiiiiiiiiciic s viii
LiSt Of FIGUI@S ...t X
AcknOowledgements ..o xi
1. INtrOdUCHON .. s 1
2. Literature REVIEW .......ooviviiiiiiiiicc s 3
3. MethOdS.....ooiiiiii s 13
3.1 Geography and Population............ccceveieieieiiieieiciciciciccccccc s 13
3.2 Case Ascertainment and Sample Collection............ccoccercciiiniiinnnnee 13
3.3 Clinical Signs and Symptoms ...........ccoeueveieiiieieiiiciccccccccc s 15
3.4 Laboratory Data ColleCtion...........cccccviviiuiininiiiiiiniccieccecceeeeeee s 15
3.5 Data ANALYSIS ..c.vvuiueuiiiiieiiieieciiece s 16
4 RESULLS ... 20
4.1 MiSSING Data.......cuciiiiiiiiiieicc e 22
4.2 Descriptive Statistics and co-Infection with Malaria...........ccccooeeeiiniiiine. 23
4.3 Bivariable ANalysis..........cccoeierieicciccccc s 24
4.4 Logistic Regression and ROC Curve ANalysis.......cccoeeivviecininiieininieccireeeenne 36
5. DISCUSSION ...vttiiettctetc et 47
5.1 Multivariable ReGIession..........cccoeeiviriiiiininiiiiininicciieeccecee s 51
5.2 LIMItAtIONS . ..uiiuiiiiiiiiiiiiii e 55

vi



5.3 Conclusion and FUtUTe DITECHONS .....oeivveeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesreeesseseaeeesesaees 56

Appendix A: Questionnaire Administered to Each Subject ...........ccccoeeiiinniiinncninnnes 60
Appendix B: ILI Case Definitions Among the Sample Population...........cccccccevrirueinnnnes 66
Appendix C: Results from Rapid Influenza Tests............cccoeveveieiiieieininieiiccccccce, 67
REfOIOICES ... 76

vii



List of Tables

Table 1: Clinical Profiles and Influenza and Malaria Infection Rates of Patients Recruited
t0 the SEUAY . ..o 21

Table 2: Influenza and Malaria Co-Infection Rates.............c.cooiiiiiiiiiiiiiiint. 24
Table 3: Bivariable Analysis (Continuous Variables) - Predictors for Influenza vs. non-
INFIUENZA. ... et 27
Table 4: Bivariable Analysis (Continuous Variables) - Sequelae for Influenza vs. non-
INFIUENZA. ... e 27
Table 5: Bivariable Analysis (Continuous Variables) - Malaria mono-Infected vs.
Influenza mono-Infected...........c.ooiiiiiiiiiiii e 28
Table 6: Bivariable Analysis (Continuous Variables) - Influenza mono-Infected vs.
Malaria and Influenza co-Infected...............oooiiiiiiii 28-29
Table 7: Bivariable Analysis (Continuous Variables) - Malaria and Influenza co-Infected
vs. Malaria mono-Infected............oiiiiiiiiiii 29
Table 8: Bivariable Analysis (Categorical Variables) - Influenza vs. non-Influenza...30-32
Table 9: Bivariable Analysis (Categorical Variables) - Malaria mono-Infected vs.
Influenza mono-Infected. ..o 34
Table 10: Bivariable Analysis (Categorical Variables) - Influenza mono-Infected vs.

Malaria and Influenza co-INfected. ........ooiiiiiiii e e 35

viii



Table 11: Bivariable Analysis (Categorical Variables) - Malaria and Influenza co-Infected
vs. Malaria mono-Infected...................oo 35-36
Table 12: Odds Ratios from Logistic Regression Analysis for Selected Demographic and

Clinical CharacteristiCs...........oooiiiiiiiii i 37

Table 13: Comparison of Predictive Models and Corresponding C-Statistics............... 39

ix



List of Figures

Figure 1: Seasonality of Influenza A Infections. .........coccceevvriiiininiiiininiiiccccce 22
Figure 2: ROC Curve for Model Using Cough....................ooo 40
Figure 3: ROC Curve for Model Using Vomiting.................ocoooiiiiiiiiin 41
Figure 4: ROC Curve for Model Using Cough and Vomiting.......................coon 42
Figure 5: ROC Curve for Model Using Nasal Congestion/Runny Nose....................... 43
Figure 6: ROC Curve for Temperature, Cough, and Vomiting............................... 44

Figure 7: ROC Curve for Age, Hemoglobin, Temperature, Cough, and Vomiting.........45

Figure 8: ROC Curve for Hemoglobin, Temperature, Cough, and Vomiting................ 46



Acknowledgements

I would like to first and foremost thank my advisors — Dr. Chris Woods, Dr.
Wendy O’Meara, and Dr. Thomas Holland — for their continued guidance and support
during all phases of my thesis work.

I would also like to thank very deeply Mr. Daniel Aswa Flavian of Eldoret,
Kenya, who helped me tremendously during my time in the country with the initial
management, analysis, and coding involved with my dataset.

Finally, I want to express my heartfelt gratitude to Dr. Larry Park of the VA
Medical Center in Durham, North Carolina, for being an incredible teacher and guide

for the data analysis portion of this project.

xi



1. Introduction

Numerous etiological agents can be responsibléefar, though in malaria-endemic
regions of the world there is a tendency to trédehrile illnesses as if they were
malaria. This is the case in many parts of sub-@ahAfrica, including Kenya, despite a
decline in hospitalizations due to malaria andgaificant drop in the burden of the
disease overall (1). In a substantial portion slesaof fever in Africa, antimalarials
continue to be prescribed whether or not doingssearranted (2). This clinical approach
persists because of the lack of evidence for atera pathogens, such as influenza,
especially among children (3).

We sought to determine the current burden of imihaeas a part of an ongoing
study to determine alternative causes of fever @nahiidren presenting to an outpatient
facility in rural western Kenya. The study took ggaat Webuye District Hospital
(WDH), located approximately 60 kilometers from thgandan border. The surrounding
region is considered to have a moderate to highafimnalaria transmission and is
centrally located in a Demographic Surveillancet&ys(DSS) site, one of forty around
the world. Presence of the DSS allows for accesgtuficant socio-demographic and
economic data about families of children presentg ilinesses to the outpatient ward
of the hospital.

Over-diagnosis of malaria and the subsequently ecessary use of antimalarials
can lead to the significant problem of resistardiss of malaria parasites. Additionally,
patients are exposed to more expensive antimatamabined therapies, which typically

have more severe side effects than monotherapie$h{d underlying cause of febrile
1



illness goes untreated, leading to a worsened tiondrepeated visits to healthcare
providers, and related economic and social consegse(4). Elucidation of alternative
causes of febrile illness in light of the declinimgrden of malaria in this region is
necessary.

There were two specific aims of the study: 1) teedaine the proportion of
febrile illness caused by influenza in pediatritigras presenting with fever to Webuye
district hospital, and 2) to develop clinical pretdie models based on signs and

symptoms to aid in the identification of caseslof f



2. Literature Review

Infectious diseases were responsible for 64% otldaghs in children under five
worldwide in 2010 (5). Of these, the most importaete sepsis and meningitis in
neonates and pneumonia, diarrhea, and malarialér ohildren (5). Malaria accounted
for 7.4% of all deaths in children worldwide; 95.®¥global child deaths due to malaria
were in Africa (5). Even in malaria endemic aredmsldren below five years of age are
particularly susceptible as they have not yet luplimmunity to the disease, whereas
older children and adults tend to be immune (6).

Reductions in malaria have been seen over théwastiecades, 1991 to 2011,
with a 50% decline in malaria cases and diseasgedeaths in high-burden countries
like Eritrea, Rwanda, Zanzibar, Pemba, Tanzaniaydeand Zambia (7). The improved
guality of health systems in these countries has ladtributed to this reduction in
malaria, specifically in regards to effective ardlarials, use and distribution of bednets,
and indoor residual spraying (IRS) (7). It has dlsen suggested that a decline in the
malaria vector population in sub-Saharan Africa tualtered patterns of rainfall and
other factors, has contributed to this reductiorates of malaria throughout the continent
(7).

Malaria transmission rates in eastern Africa, mltwland areas around Lake
Victoria, have historically been high; the entongial inoculation rate in 2008 was 250
infectious bites per year (8). However, accordmgemographic surveillance data from
2003 to 2007, there has been a 42% decline inaalbe& mortality in children less than

five years of age, and specifically a 16% reductiromalaria mortality using verbal
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autopsy (8). Hospitalizations due to malaria alsowged a significant reduction between
September 2003 and August 2009 (9).

The problem with over-diagnosis of malaria is angigant one. The widespread
and indiscriminate use of antimalarials can leadrta resistance in parasites, as has
already occurred for some of the previously usdaetarial drugs. Treatment of non-
malarial febrile illnesses with antimalarials tetdsontinue since fever in the case of
many infectious diseases usually subsides aftewalfys (3). There is evidence that the
majority of febrile cases are unnecessarily exposeshtimalarial drugs (3).

Unlike the information on malaria, the data folulginza in outpatients in Africa
is limited (6). The exact prevalence of influennal éhe predominance of different strains
and subtypes seem to vary by year of survey, cpuaitid region. Most countries on the
continent have insufficient data regarding influgna be able to implement public health
policies for its management (10, 11, 12); this sshiikely due to an increased focus on
high-impact infectious diseases such as AIDS, T8, malaria (13). In many of the
countries in sub-Saharan Africa particularly, iefiza vaccination is only available in the
private sector and is therefore inaccessible tarthprity of the population (12).
Clinically, influenza is not distinguishable frorther febrile illnesses in the tropics (3);
the few data that exist on influenza in Africa segfthat it is prevalent throughout the
continent and may have a considerable impact omichity and mortality (3). It is thus
vitally important to determine the burden of infliza in African countries, particularly in

malaria-endemic areas such as western Kenya.



In a surveillance exercise conducted in fifteenasin countries (Angola, Cote
D’lvoire, Democratic Republic of Congo, Egypt, Ethia, Ghana, Kenya, Madagascar,
Morocco, Nigeria, Rwanda, South Africa, Tanzanigabda, and Zambia) from 2006-
2010, it was found that 21.7% of influenza-likedks (ILI) in individuals surveyed
tested positive for influenza (10). Approximately.1% of severe acute respiratory
illness (SARI) cases were positive for influenz@)(land children under 5 made up 48%
of all ILI and SARI cases tested as well as 39%lbinfluenza-positive cases (10).
Young children in sub-Saharan Africa have a dispropnately high burden of influenza
infection compared to the rest of the world (10pridlity rates due to respiratory
illnesses among children are higher in Africa thagwhere else (14); seasonal influenza
could therefore have a greater negative impacffiit@&n countries than in other, more
developed ones (14).

The seasonality of influenza throughout Africa hasbeen fully characterized. It
is widely held that in tropical and subtropicaligets of the world, flu virus activity
occurs year-round with multiple peaks throughoetylar (15), in contrast to a single
peak during winter as is seen in temperate arégs fbwever, a study done in western
Kenya found that rates of influenza peaked afterding rains, during the months of July
through October (16), which are among the coolentimoof the year in the country.
These results were mirrored in the surveillancdystf multiple African countries (10),
though it was noted that the West, East, and SOaetfifal African regions had undefined

influenza transmission patterns (10).



The drivers of seasonality of influenza would bpexted to be similar for
tropical, subtropical, and temperate parts of tbedy although they may manifest in
different ways depending on the country in questidrese drivers include temperature,
humidity, stability and transmissibility of the us, reduced host immunity, social
behavior that increases the likelihood of transiais$i.e. crowding, unhygienic
practices), and interactions between all of thaseofs (15, 17, 18). In temperate
countries, for instance, these aspects all conoepilaty to explain why influenza infection
incidence peaks in winter: the flu virus’ transnossis optimized at lower temperatures
and low humidity; decreased vitamin D and alteredlatonin cycles due to seasonal
shifts in daylight may reduce host immunity; coltemperatures and decreased humidity
can dry mucous membranes, which further increaseestibility; and people may crowd
together indoors to avoid the cold and also foraaatherings during the holiday season
(15). While one would not expect the exact sam@fado contribute to seasonality of
flu infection in tropical and subtropical countrigsch as those of sub-Saharan Africa, it
stands to reason that an analogous mix of varialviggie to this region are responsible
for driving flu circulation and infections.

All three types of influenza virus circulate glolyalA, B, and C, though type A
accounts for the vast majority of flu cases worldisv{19). The virus is spread by
inhalation of aerosolized droplets from the snemzepugh of an infected person (19).
Influenza may be difficult to distinguish clinicglfrom other pathogens that cause febrile
illness in malaria-endemic areas due to the siitylaf symptoms resulting from

infection with malaria; for influenza particularlfhese include chills, fever, malaise,
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fatigue and weakness, myalgia (muscle pain), hdegand in some cases nausea and
vomiting (20).

For the detection of respiratory viruses such #isenza, real-time polymerase
chain reaction (RT-PCR) is the method of choice tiuthe sensitivity of the assay over
other techniques such as fluorescent antibodyistp(21). RT-PCR has been
demonstrated to be 40% more effective at deteatiiigenza in specimens as compared
to antibody staining methods (21). Culturing infiaa is an even less effective method of
detection; use of RT-PCR can detect the pathogemgfdo seven days after an infection,
while culturing is limited to only one to two dag&l). Rapid influenza diagnostic tests
(RIDTs) are an alternative method of testing, aagdehboth advantages and
disadvantages over RT-PCR and viral culture. Md3T&can detect both influenza A
and B as well as differentiate between them, ane harnaround times of 10-30 minutes
(22). However, the sensitivity and positive andate@ predictive values of these assays
is reduced compared to more traditional methodseidding on variation in prevalence
of influenza in the community at the time of samgland testing (22). The major issue
with the use of RIDTs is sensitivity or the detentbf true positives; the CDC therefore
recommends that negative RDT results be followeditip cell culture or RT-PCR (22).
The primary utility of using RDTs is their speeddaftection; advances in RDT
technology such as the implementation of digitablexs and assay algorithms that
distinguish between specific and non-specific amtiginding increase sensitivity and can

reduce the overuse of antimalarials and antibi¢fes3.



While little is known about influenza in Africa aththan the fact that it has year-
round seasonality, as in many tropical areas lf@ygetis even less information about
concomitant infections with malaria and influenzae&pecially among children (6). The
evidence that does exist suggests that in casegwhidren are infected with influenza
A, there are a diminished numberR¥asmodium parasites. Several explanations have
been posited as reasons for this. For instancasip@s may experience intra-erythrocyte
damage due to high temperatures from fever caug@tlbenza (23). Alternatively,
since influenza causes a systemic infection, itccoteate suboptimal conditions for
parasitic growth (23). Low iron and zinc may alsorbsponsible for creating this
environment; conversely, since malaria is immunpsesgsive, it may affect the clinical
manifestation of viruses like influenza and crestadeal environment for pathogens to
affect their human hosts (23). However, this caltb simply be due to background
detection of low-level parasitemia in children meng with influenza as opposed to
higher levels of parasitemia in true cases of nealar

Evidence from the literature suggests that childess than 5 years of age are
most susceptible to morbidity and mortality frorfluenza (24, 25). One study by the
WHO found that patients in this age group also&adyher rate of hospitalization from
influenza compared to older children and adulty.(Rtbre ILI, severe acute respiratory
infection (SARI), and lab-confirmed influenza wasoaseen in this group compared to
other age groups (27). This can most likely betaited to the underdeveloped immune

system of infants and very young children.



A surveillance study in Zambia found that toward &md of 2009, pandemic flu
A(H1N1) appeared and became the most prominenyselior that year (26).
Interestingly, the median age of those infectedhywandemic flu was higher than that of
those who had seasonal flu (14 years comparedéai®) (25). This differed from a
study in coastal Kenya in which surveillance ofuehza among hospitalized pneumonia
patients took place. The study found an overaNalence of influenza of 4.9%; 60% of
the subtyped influenza A virus samples were oHBBI2 strain; 14% were H1N1, and
6% were pandemic 2009 H1N1 (28). The study’s silaraie period was from 2007-
2010. Another study that took place in Kenya regubthat, by September 2009, the
majority of influenza cases in Kenya were cause@dndemic flu A (HIN1) (29).
Another surveillance study taking place in the Gohgd findings that exemplify this
variation in influenza subtype predominance: in208e majority (63%) of flu positive
cases were pandemic A(H1N1); in 2010, the maj@€6po) of cases had influenza type
B; and finally, in 2011, 72% of flu positive casesre of influenza A, subtype H3N2
(27).

One study in Cote D’lvoire spanning from 2003-2@d0nd that, of samples from
children that tested positive for viral respiratpathogens, influenza accounted for 16%
of these cases (30). In regards to the predominaindéferent subtypes, it was discerned
that seasonal influenza A predominated duringitisé3 years and that influenza
A(H3N2) predominated during the next 3 years; iafla A and B viruses cocirculated

during each year from 2004-2010 (30). In this stadg for this country, seasonal flu



peaks occurred in May, June, and October, withafgest peak corresponding to the
primary rainfall season (30).

Surveillance data from Senegal during the yead986-2009 indicate that there
was a marked shift in strain predominance duringttme. Influenza A(H3N2) was the
strain most frequently isolated, and predominatathd 9 of the 14 years of
surveillance (31). Seasonal influenza A(H1N1) wastnadominant during 2000, 2007,
and 2008, when it accounted for 100%, 96%, and 96%fpectively, of circulating flu
viruses (31). Flu B yielded a substantial portideicculating flu viruses during half of
the surveillance period, and predominated durir@Rlgnd 2005, where it composed 60%
and 77%, respectively, of flu in those years (&ifjuenza A and B co-circulated in
Senegal during all years except 2000, 2003, ané;Z0tlly, pandemic flu A(H1IN1)
was not detected in the country until January di®®?(B1).

Unlike most of sub-Saharan Africa, there has bekir amount of influenza
sentinel surveillance done in South Africa, begignin 1984. As has been noted
previously, as in other sub-Saharan African coestrinfluenza activity tends to peak in
South Africa during its winter months of May to Augj, sometimes continuing into
September (which marks the first month of sprir@g)( This has been the case for the 25
years of surveillance examined in the study (38 imean duration of the flu season for
25 years of surveillance was 10 weeks; this nurnrioeeased to 15 weeks over the last 4
years, though this may have been due to a rigeeinamber of “Virus Watch Program”
sites and an increase in the geographic area abbgrsurveillance procedures (32).

Seasonal influenza A(HLN1) and A(H3N2) were detkatel4 of the 25 years, and

10



influenza B was detected for almost the same darator 12 of 25 years (32). The
predominance of different strains varied by yeariseexpected: A(H3N2) predominated
in 14 of the 25 years (56%), seasonal A(H1N1) wastrprominent in 7 of the 25 years
(28%), and flu B predominated in 2 of 25 years (§32). In 1987, flu A alone was
isolated among detected influenza viruses; A(H3d2gominated in 2006, and was
most prominent in the Western Cape but not in gtinevinces in 2007; finally, seasonal
A(H1N1) predominated in 2008, though to differeagrkees, throughout the different
provinces of the country (32).

A study of malaria and influenza co-infection inuyg children in western Kenya
had multiple findings in regard to the nature a$ fphenomenon. The identification of a
co-infected case proved more difficult than diagsos$ either infection alone (24).
Additionally, patients who tested positive for anéection had a reduced likelihood of
being infected with the other (24). Respiratory pyoms were more common among
those infected with influenza alone compared te¢hafected with malaria alone, and
hematologic disease was more common among malalygpatients when compared to
influenza-only patients (24). Findings from thedstalso suggested that co-infection
could be associated with a more severe coursénetg than either infection alone (or no
infection) (24). Children aged 24-59 months withif@ction had longer hospital stays
when compared to those with either infection aloneo infection (24). However, co-
infection was not associated with longer hospit@ys in younger children, namely those
less than 24 months of age (24). There is alstikbly possibility that children having

both infections were given antimalarials priorheit hospital visits, which would mask
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certain symptoms and lead to an underestimate-offeotion rates (24). Finally, the
authors noted that, as has been alluded to prdyjaisce malaria and influenza are both
“fundamentally systemic inflammatory diseases” hade similar clinical presentations,
it is difficult to distinguish between them basedsymptoms alone (24). The “gold
standard” of real-time polymerase chain reaction-HCR) is the best method with
which to confirm influenza, while microscopic exaraiion of thick and thin blood
smears for malaria parasites remains the best mhdétpavhich to confirm the presence of
malaria infection.

It is evident that the clinical differentiation leten malaria and influenza in
febrile patients is intrinsic to effectively treadi both diseases. This is also needed to gain
a clear understanding of the burden of influenzAfiitan countries such as Kenya. The
high amount of febrile illness necessitates thgbahogens contributing to its cause are
identified so that the most appropriate and effectieatments can be given. The
eventual aim of quantifying the prevalence of ieflaa and other pathogens that cause
febrile illness is to reduce the morbidity and rabty associated with these conditions.
Effective differentiation and diagnosis using thestappropriate methods available is

crucial to meeting this end.
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3. Methods
The burden of influenza study was designed as a&tidy of an ongoing acute febrile

illness program in Webuye, Kenya.

3.1 Geography and Population

The study was conducted at Webuye District Hospitaliral western Kenya. The
hospital serves a community that is situated ab0wilometers from the Ugandan
border. Webuye is a municipality located in Bungdgaat District in Kenya's Western
Province, and has a total population of 41,344.713% overwhelming majority of the
populace is from the Waluhya tribe. The town isghe of the largest paper factory in
Africa, the Pan-African Paper Mills. The area surmding Webuye is predominantly
grassland and sugar fields; subsistence farmitiggisnajor industry among the populace

of the municipality (34).

3.2 Case Ascertainment and Sample Collection

As per the existing protocol, pediatric patientsasen the ages of one to twelve were
enrolled in the study from November 2011 througd-BDiecember (December "pof
2012 at Webuye District Hospital, with follow-upsntinuing through January 8®f
2013. Patients were between the ages of one todvetlthe time of presentation to the
outpatient facility, presented with a fever, had participated in the study before, and

had no prior conditions (i.e. surgery or malignasgithat may have been responsible for
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their fever. Patients were excluded from beinguiéed if they had a skin or soft tissue
infection thought to be the cause of their fevad B known malignancy, were unable to
attend the follow-up visit four weeks after thetigdiinterview date, or if they or another
member of their household had previously been &tah the study.

Patients presenting with fever were asked if theshed to participate in the
study; after parents gave their informed consemd @hildren aged eight and older gave
their verbal assent), a thorough physical examhastdry of illness was taken by the
study nurse, including physical signs and symptamsjunization history, and
medications the child was taking. Demographic aé ageclinical information was
collected at this time. The subject and their paoemguardian was then directed to a
room where the study nurse and laboratory techmsatallected throat, nasopharyngeal,
and venous blood samples. A rapid strep test fou®A streptococcus (ClearView®
Strep A Exact Il Dipstick, Alere Inc., Waltham, Maghusetts) was performed, as was
the preparation of two malaria blood smears — oag wad immediately via light
microscopy at the time of consultation, while thleev was stored for later reading by a
different research microscopist. Nasopharyngeabsweere frozen in viral transport
media (VTM), then later thawed and tested by latibvev assay for the presence of

influenza A and B (Veritor®, Becton Dickinson, Fkdin Lakes, New Jersey).
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3.3 Clinical Signs and Symptoms

Each subject participating in the study was exathine a number of clinical signs and
symptoms. These included vital signs (such as heigkight, mid-upper arm
circumference [MUAC], pulse, and temperature), grathistory (main complaint, other
physical symptoms concurrent with the presents#nsuch as headache, vomiting, etc.),
medications taken, chronic conditions (e.g. sickdik anemia, asthma, kidney disease,
etc.), immunization history, bednet use, and a detagphysical exam. A copy of the

guestionnaire in its entirety can be found in ApjigrA.

3.4 Laboratory Data Collection

The main objective of the study required performangteral flow diagnostic assay for
influenza A and B (BD Biosciences Veritor® systezn)samples from study subjects in
the larger study. The Veritor® rapid influenza diagtic testing system consists of test
strips, a detergent solution, and an electronideedach strip is essentially a
chromatographic immunoassay, with antibodies bdant following digestion of the
sample in the detergent solution (to break apaing and expose antigenic proteins), a
few drops from each sample were added to a siegtestrip. The strip is designed such
that the solution migrates across it over the aofghe waiting period (approximately
10 minutes), which causes the viral proteins tal lbnthe antibodies conjugated to
detector particles on the strip. The antibody-cgaja complex migrates across the strip
and is captured by other antibodies lining the meaméd, leading to the coloring in of a

line in the influenza A, B, or control region deplarg on the contents of the sample. The
15



strip is then inserted into the reader, which @sesflectance-based measurement method
and an algorithm to calculate the intensity ofibgulting signal and whether it meets the
threshold for presence of either influenza A orilBowns.

The specifics of the laboratory methodology aréodews. First, frozen samples
of viral transport media into which nasopharynge@hb samples had been dipped were
thawed. After mixing the solution thoroughly, 30@cmliters of the sample were then
added to a tube containing the detergent solufibe.resulting solution was vortexed or
mixed by hand, and three drops of it were addddesample well of a Veritor test strip.
After a wait period of ten minutes, the strip wasdrted into the electronic reader, which
gave an output after ten seconds. The remaindieadhitial sample was then returned to
the freezer and the next sample was procured.prbiedure was repeated for each of
the samples tested for which a VTM sample was abksl The majority of samples were
tested during the summer of 2012, from mid-Juneudin mid-July, while the remainder

was analyzed during January of 2013.

3.5 Data Analysis

To determine the association of different clinisgnptoms with the presence or absence
of flu, statistical analyses were performed usitagé&version 11. The Kruskal-Wallis test
was used to test for significance in the differengemeans of continuous variables,
while the Fisher’s exact test was used to detersig@ficance for categorical variables.
Generalized linear models were utilized in a regjogsanalysis for selected variables that
had p values below 0.15. A higher cutoff than tlamdard p<0.05 was used due to the

small number of observations in this preliminaralgsis. Finally, receiver operator
16



characteristic (ROC) curves were created and thtatcstic (area under the curve or
AUC) was calculated in order to examine the abiitgach model to predict influenza
infection.

The Kruskal-Wallis test is a non-parametric mettizat evaluates whether
samples originate from the same distribution. fsligation in this study was to
determine whether there was a significant diffeecbetween the means of different
continuous variables among the clinical symptomsé&xh patient. A test statistic below
the threshold value of 0.15 indicates that the isuigjected and that the difference in
means is large enough to be considered important.

Fisher's exact test is used for analyzing the ia@tahip of categorical variables in
contingency tables. The test statistic is indi@b¥ the strength of association between
the two kinds of classification. In this evaluati@x2 tables were first created that
compared each of the categorical variables amamglihical signs and symptoms to the
flu test outcome. The test was then run to detegrthie relationship between each
variable and flu status; a p value of less thab (hdlicates an association not due to
chance between the two quantities.

The type of regression used involved a generalinedr model (GLM) analysis
of the association between clinical symptoms andifi order to measure the likelihood
of having flu given a specific level of symptomwatal sign, models were run for each of
several variables; odds ratios were also calcul@@deasure the strength and direction

of each association.
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ROC curves are used to determine the usefulnesdiofary classification system
or diagnostic test. The curve is a plot of senijtiftrue positive rate) versus one minus
the specificity (false positive rate). A diagonakl through the origin indicates the null;
the closer the curve appears to the null, thedésstive the system or test used is in
predicting the outcome, and the further it is fritma null, the better the test’s
performance. The c-statistic or area under theec(®8JC) varies from 0.5 to 1, with 0.5
indicating an essentially useless test and 1 keiperfect one. For the purposes of this
study, a model having a c-statistic of 0.7 to QV&s considered relatively good in its
ability to predict the likelihood of having flu.

Since continuous variables subjected to a linedogstic regression have a linear
relationship forced upon them, it was necessasjratify certain continuous variables in
the model based on preset criteria. For instare@olglobin level was split into deciles
of levels below 12 g/dl and greater than or eqoidl2 g/dl. Likewise, temperature was
divided into two categories, of less than 38° C grehter than or equal to 38° C. The
hematocrit reading variable was dropped from altlei® because of the small number of
observations actually containing such a readingusion of this variable would have
otherwise skewed the model and subsequent anatyssiderably.

Only those symptoms which were considered to bdigias for flu and which
had a test statistic below the designated threskieté used. These included cough,
vomiting, runny nose or nasal congestion, tempegatiemoglobin level, and age, but
excluded days spent in the hospital, as this paatianetric would not have been helpful

in predicting flu before it was diagnosed or tréatkgain, hematocrit reading was
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considered significant in the bivariable analybig, not incorporated into the logistic
regression and ROC curve analysis because of thaumber of observations actually

having such a reading.
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4. Results

Of 273 febrile samples tested for influenza, 25enmwsitive for influenza A and 21 were
positive for influenza B, amounting to a total peance of flu of 16.8% in the sample
population. All the samples testing positive far during the primary analysis period
were positive for flu A only, while those flu pasié samples during the second period
were all confirmed flu B. Unfortunately, completencal and demographic data were
unavailable for the second batch of tested sangtltse time of this writing due to the
dataset not being updated, so all data analysisabsequent interpretation was done for
the first group of samples. There are 226 samplése most current clinical and
demographic database used for analysis duringthdy; of these, 149 had a rapid flu
test result, while 77 were missing such a resulvésious reasons (see below). The total
number of samples tested during the summer of 2@E2174, but only 149 of these
were available as part of the master databaset@$@@ples on which all data analysis
was done. None of the analyses or descriptivestitatifactor in the influenza B positive
samples as the information regarding the patienta fvhich these arose has not been
cleaned and added to the master database. Pléaswrine appendix for a complete
listing of rapid influenza test results by sameaind date of testing.

Seasonality was suggested by the pattern of fliipes, with cases of flu
peaking in February and March of 2012 (see Figlirasd 2). The clinical profiles and
influenza infection rates of patients in the stadg shown in Table 1. Although 273
patient samples in total were tested for influeniza,data in this table pertain to those

226 patients for which full clinical and demographiformation were available.
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Table 1: Clinical Profiles and Influenza Infection Rates of Patients Recruited

to the

Study

Total Number of Patient Samples Tested
for Influenza

273

Total Number of Patient Samples with
Complete Clinical and Demographic Dat:

226

55

Mean Hemoglobin

11.35 g/dL [range 5.2-15.3 g/dL]

Mean Age

4.7 years [range 1-12.17 years]

Mean Body Temperature

38.20° Celsius [range 3738Y-4

Mean days since onset of fever

1.9 [range 1-7 days]

Percent male

46%

Number of clinically diagnosed malaria
cases (%)

91 (41.0%)

Number of Influenza A positive (%)

25 (9.16%)

Number of Influenza B positive (%)

21 (7.70%)

Number of malaria positive by blood sme
(%)

@84 (39.1%)

Number of influenza positive with clinical
malaria diagnosis (%)

24 (100%)

Number of influenza positive with positivs

513 (54.2%)

malaria blood smear (%)
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Figure 1: Seasonality of Influenza A Infections

4.1 Missing Data

There were a number of missing values for the aun&our study investigated, which

was presence or absence of influenza infectionndrether infection was due to type A

or B. This was due to a shortage of the proper kintasal swab used to collect

nasopharyngeal samples, which lasted for a pefitiche spanning the end of April

2012 through the beginning of June 2012.
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4.2 Descriptive Statistics and co-Infection with Malaria

The mean age of patients in the sample populates4y7 years, with a range in ages of
1 year to 12.2 years. Average body temperature3®#s Celsius, with temperatures
ranging from 37.5° to 43°C. Mean hemoglobin conedidn averaged 11.35 grams per
deciliter (g/dL), and had a range of 5.2 to 158 gA6% of patients were male. The
average time to consultation since onset of fe\ees W9 days, with a range of 1 to 7
days. 84 patients in total (39.1%) had positiveanalsmear readings.

Of the flu positive subjects with complete clinicilta available, all 24 (100%)
were diagnosed clinicallgs having malaria, but only 13 (54.2%) of theuafiza A
positive subjects had malaria-positive blood smddosvever, 45 (38.5%) of the flu
negative subjects were smear positive. Patientsfiithad an 89% greater odds of
having detectable malaria than those testing negétr flu (OR=1.89; 95% CI: 0.780-
4.58)**, Please see Table 2 for a complete listhgalaria and influenza co-infection
rates.

The total number of patients who received medicatiarior to their hospital visit
was 68 (30.09%), while 154 (68.14%) did not receimgys before being seen at the
hospital and 4 patients (1.77%) were missing thficrmation. Although 68 patients were
noted as having received medications prior to thisit, only 32 of these actually had the
specific drug(s) they were given listed in the bate. Of these patients, 8 were given

some form of antibiotic alone, another 8 receivetinaalarials alone, and 4 were treated
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with both antimalarials and antibiotics prior t@ithhospital visit. 12 patients received

neither antibiotics nor antimalarials and were giealy antipyretics or analgesic drugs.

Table 2: Influenza and Malaria co-Infection Rates

Flu Result Malaria Smear Malaria Smear Total
Positive (%) Negative (%)

Flu Positive 13 (54.17) 11 (45.83) 24

Flu Negative 45 (38.46) 72 (61.54) 117

4.3 Bivariable Analysis

Results of the bivariable analysis for the commarisetween influenza positive and
negative subjects are shown in Tables 3 and 4. niom 10 variables tested using the
Kruskal-Wallis test, five had a p-value below theeshold that determined significance
(p<0.15); these were hemoglobin concentration, heonareading, age in years,
temperature, and days spent in the hospital antarsgtpatients who were admitted.
Among flu negatives, mean hemoglobin concentratias 11.88 g/dL, with 25and 7%’
percentiles of 11.1 and 12.7 g/dL, respectivelyisTas significantly different from the
mean hemoglobin among those patients testing pedir flu, for which the mean, 95
percentile and 75percentile was 12.53, 11.5, and 14 g/dL, respelstiVAlthough the
difference between flu positive and negative hewloigl levels was statistically

significant according to the test used, it wassignificant from a clinical standpoint.
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Additional bivariable analyses were done for savether comparisons. These
examined the following: subjects who were mono<étgd for influenza versus mono-
infected for malaria; patients who were co-infeateth malaria and influenza versus
those having influenza infection alone; and malar@no-infected subjects compared to
influenza and malaria co-infected ones. Resultb@ge analyses for continuous variables
can be found in Tables 5-7.

While the significance level of several variabi@sthe comparison of flu positive
and negative subjects was below the designateshick of 0.15, this was not the case
for the majority of the variables in the other aisals. Among malaria mono-infected and
influenza mono-infected patients, mean hemoglabwels and hematocrit reading
differed significantly, but the other variables diot differ substantially between these
two groups. Mean hemoglobin was higher among infftaemono-infected patients, with
a mean of 13.03 grams per deciliter antl 26d 75" percentiles of 12.4 and 14.6 grams
per deciliter, respectively. The mean™gercentile, and #5percentile of hemoglobin
for malaria mono-infected patients was 12.06, 146, 12.6 grams per deciliter,
respectively (p=0.004). Once again, although tliif$erences were considered
significant according to the Kruskal-Wallis testey were not large enough to be
classified as clinically so. Similarly, hematoceetding levels between the two groups
differed significantly according to the test uskdt were not considered drastically
different from a clinical standpoint. Mean hemaibfor malaria mono-infected subjects

was 35.5%, while for influenza mono-infected sutgethis was 41.75% (p=0.003). It is
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worth noting that there is a wider difference irtblevels of hemoglobin and hematocrit
in this comparison than for the analysis of flLeicted and non-infected patients.

For the analysis examining differences betweednénza mono-infected and
malaria and influenza co-infected cases, temperaas well as hemoglobin and
hematocrit levels, differed significantly betweée two groups. Mean temperature
among flu mono-infected patients was 38.08°C. Was only somewhat lower, though
significantly so from the standpoint of the testdisthan for co-infected patients, who
had a mean temperature of 38.7°C (p=0.019). Avenageoglobin levels were higher in
the flu mono-infected group, at 13.03 g/dL, whhattof co-infected patients was 12.08
g/dL (p=0.049). Finally, hematocrit readings weighler on average for the flu mono-
infected group, at 41.75%, compared to 36.29% (B549).

In the final analysis comparing malaria and inflze@ co-infected patients to
malaria mono-infected ones, only temperature ditfesignificantly between the two
groups, though not drastically so from a purely etical standpoint. Average
temperature among co-infected patients was 38wh@e for malaria mono-infected

patients this number was significantly lower, at33€ (p=0.053).
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Table 3: Bivariable Analysis (Continuous Variables) — Predictors for Influenza
vs. non-Influenza

Variable

Flu Positive (n=24)
Mean[p25, p75]

Flu Negative
(n=125)
Mean[p25, p75]

Kruskal-Wallis
Test

Age (years)

5.64 [3.38, 7.46]

4.49[1.92, 6.08

] 1840*

MUAC (cm)

17.52 [16, 18]

17.28 [15, 18]

p=0.15

Temperature (°C)

38.42 [37.95, 38.85]

38.18 [3384]

p=0.068*

Pulse (beats/minuteg)

92.61 [80, 100]

95.97 [86] 100

p=0.22

Respiratory rate
(breaths/minute)

34.35 [28, 40]

34.53 [28, 38]

p=0.31

Hemoglobin (g/dL)

12.53 [11.5, 14]

11.88 [11.1,702.

p=0.15

Hematocrit (%)

38.27 [33, 43]

35.52 [34, 37]

p=0.12

Table 4: Bivariable Analysis (Continuous Variables) — Sequelae for Influenza
vs. non-Influenza

Variable Flu Positive (n=24 Flu Negative Kruskal-Wallis Test
Mean [p25, p75] (n=125)
Mean [p25, p75]
Days in hospital due 515, 5] 3.15[3, 3.5] p=0.040*
to illness
Days child had fever 1.91[1, 3] 1.93[1, 2] p=0.36
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Table 5 - Bivariable Analysis (Continuous Variables) — Malaria mono-Infected
vs. Influenza mono-Infected

Variable

Malaria Mono-
Infected (n=45)
Mean [p25, p75]

Influenza Mono-
Infected

(n=11)

Mean [p25, p75]

Kruskal-Wallis Test

Age (years) 5.08 [2.42, 6.92] 5.96 [3.75, 8.42] 232
Temperature (°C) 38.30 [37.8, 39] 38.08 [37.8, B8.2 p=0.4212
MUAC (cm) 18.67 [16, 20] 17.45 [16, 18] p=0.665
Pulse (beats/min) 96.31 [84, 100] 93.09 [80, 100] | =0.p44
Respiratory Rate 34.98 [28, 40] 34.55 [28, 40] p=0.773
(breaths/min)

Days child had fever 1.98 [1, 3] 1.7 [1, 2] p=0.680
(days)

Days in hospital 3.1[2, 4] 515, 5] p=0.155
(days)

Hemoglobin (g/dL) | 12.06 [11.5, 12.6] 13.03 [12.4,4] p=0.004*
Hematocrit (%) 35.5[34, 37] 41.75 [40, 43.5] p=IBO

Table 6 - Bivariable Analysis (Continuous Variables) — Influenza mono-

Infected vs. Malaria and Influenza co-Infected

Variable Influenza mono- Malaria and Kruskal-Wallis Test

Infected Influenza co-

(n=11) Infected

Mean [p25, p75] (n=13)

Mean [p25, p75]

Age (years) 5.96 [3.75, 8.42] 5.37[2.42, 7] p=@.52
Temperature (°C) 38.08 [37.8, 38.2] 38.7 [38.22B9. | p=0.019*
MUAC (cm) 17.45 [16, 18] 17.58 [16, 19] p=0.854
Pulse (beats/min) 93.09 [80, 100] 92.17 [80, 100] | =0.p80
Respiratory rate 34.55 [28, 40] 34.17 [30, 40] p=0.829
(breaths/min)
Days child had fever 1.7 [1, 2] 2.08 [2, 3] p=0.278
(days)
Days in hospital 515, 5] 515, 5] p=1.00

(days)
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Hemoglobin (g/dL) | 13.03[12.4, 14.6] 12.08 [11.18] p=0.049*

Hematocrit (%) 41.75 [40, 43.5] 36.29 [33, 39] B3I

Table 7 - Bivariable Analysis (Continuous Variables) - Malaria and Influenza
co-Infected vs. Malaria mono-Infected

Variable Malaria and Malaria mono- Kruskal-Wallis Test

Influenza co- Infected

Infected (n=45)

(n=13) Mean [p25, p75]

Mean [p25, p75]
Age (years) 5.37[2.42, 7] 5.08 [2.42, 6.92] p=6.67
Temperature (°C) 38.7 [38.2, 39.2] 38.30[37.8, 39] | p=0.053*
MUAC (cm) 17.58 [16, 19] 18.67 [16, 20] p=0.754
Pulse (beats/min) 92.17 [80, 100] 96.31 [84, 100] | .530
Respiratory rate 34.17 [30, 40] 34.98 [28, 40] 0.830
(breaths/min)
Days child had fever 2.08 [2, 3] 1.98 1, 3] 0.408
(days)
Days in hospital 515, 5] 3.1[2, 4] 0.155
(days)
Hemoglobin (g/dL) | 12.08 [11.15, 13] 12.06 [11.5,4]2 | 0.660
Hematocrit (%) 36.29 [33, 39] 35.48 [34, 37] 0.981

Although the average weight between flu positivé aagative patients differed
significantly according to the test used, it wasfactored into the analysis because of
the wide range of ages of each patient; this whalkk skewed the data and analysis
considerably. Weight-for-age and height-for-age Mdwave been more appropriate
measures. However, since this information was utabla at the time of analysis, it

could not be factored into assessing the differebetween flu positives and negatives
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and the other groups. Height and weight were tbeeefithheld from the bivariable
analysis.

Dichotomous variable comparisons for influenza Aipee vs. negative subjects
are presented in Table 5. The majority of theseewgbnical signs and symptoms which
the study nurse either observed or recorded aoptre physical exam portion of each
patient’s consultation. Cough was more common antlboge with confirmed influenza
(71% of flu positives versus 51% of flu negativesher’s exact p=0.116). A single flu
positive patient had a recent history of vomitiag,compared to 26 flu negative patients
(Fisher’s exact p=0.079). None of the subjecthengdtudy presented with sore throat.

While the difference in days of diarrhea betweernpibsitive and negative patients
was significant according to the Fisher’s exadt es0.045), this variable was withheld
from further analyses for two major reasons. Firstre were only a very small number
of observations for which days of diarrhea wer®@rded (n=12, with 2 from flu positives
and 10 from flu negatives). Also, several of thieegaries for this variable contained no
observations whatsoever — one day and two daymohéa for flu positive patients and
seven days of diarrhea for flu negative patientghich meant that subsequent analysis

would involve dividing by zero, resulting in erranes measures of association.

Table 8: Bivariable Analysis (Categorical Variables) — Influenza vs. non-
Influenza

Variable Flu Positive (%) Flu Negative (%) Fishes¥sact test

Gender Male 13 (54.17) 56 (44.80) po0.
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Rapid strep test— | 0 (0) 3 (2.50) p=1.00
Positive

Unable to 2 (8.33) 7 (5.60) p=0.64
drink/breastfeed

Cough 17 (70.83) 64 (51.20) p=0.12*
Difficulty breathing | 0 (0) 1 (0.80) p=1.00
Headache 0 (0) 2 (1.60) p=1.00
Convulsions 0 (0) 1 (0.80) p=1.00
Diarrhea 2 (8.33) 18 (14.40) p=0.53
Days of diarrhea—1| 0 (0) 3 (30)

2 0 (0) 6 (60)

3 1 (50) 1 (10)

7 1 (50) 0 (0) p=0.045*
Blood in 1 (25) 1 (3.03) p=0.21
stool/diarrhea

Lethargic 0 (0) 1 (0.80) p=1.00
Chest pain 0 (0) 1 (0.80) p=1.00
Rash 0 (0) 2 (1.60) p=1.00
Vomiting 1(4.17) 26 (20.80) p=0.079*
Vomiting everything | 1 (33.33) 12 (31.58) p=1.00
Nasal 1(4.17) 10 (8.00) p=1.00
congestion/runny

nose

Frequent urination 1(4.17) 0 (0) p=0.16
Other 0 (0) 1 (0.80) p=1.00
Other (specify) — 0 (0) 1(2.70) p=1.00
constipation

Sickle cell 0 (0) 2 (1.60) p=1.00
Other chronic diseasge0 (0) 2 (1.60) p=1.00
Admitted to hospital | 10 (41.67) 38 (30.65) p=0.34
previously

Spleen enlarged 0 (0) 1 (0.80) p=1.00
Palmor pallor 0 (0) 1 (0.80) p=1.00
Edema of feet 0 (0) 1 (0.80) p=1.00
Wasting 0 (0) 2 (1.60) p=1.00
Rash 0 (0) 2 (1.61) p=1.00
Tonsillar exudates 0 (0) 1(0.81) p=1.00
Mouth ulcers 0 (0) 2 (1.60) p=0.70
Conjunctival pallor 0 (0) 1(0.81) p=1.00
Eyes — pus draining | 0 (0) 1(0.81) p=1.00
Clouding of cornea 0 (0) 1(0.81) p=1.00
Red eyes 0 (0) 3(2.42) p=1.00

31




Ear discharge 0 (0) 2 (1.60) p=1.00
Sign of infection via | 0 (0) 4 (3.51) p=1.00
otoscope exam

Neck adenopathy 0 (0) 1 (0.80) p=1.00
Stiff neck 0 (0) 1 (0.80) p=1.00
Heart murmur 0 (0) 2 (1.60) p=1.00
Crepitations 0 (0) 2(1.60) p=1.00
Chest indrawing 0 (0) 1 (0.80) p=1.00
Stridor 0 (0) 1 (0.80) p=1.00
Wheezing 0 (0) 1 (0.80) p=1.00
Sunken eyes 0 (0) 1 (0.80) p=1.00
Slow or very slow 0 (0) 2 (1.60) p=1.00
skin pinch

Admitted to hospital | 5 (20.83) 29 (23.20) p=1.00
Malaria smear results 13 (54.17) 45 (38.46) p=0.18
— Positive

Dichotomous variable analyses for the additiomahparisons are shown in
Tables 9-11. Though the same 66 categorical vasalkere examined as for the flu
positive and negative groups, many of these haeredll positive or all negative
observations, which resulted in no point estimatelie Fisher's exact test. These
particular variables were excluded from the respedtbles as they would have yielded
no additional information.

For the first comparison involving malaria mondeicted and influenza mono-
infected patients, the only variable having a gigant difference in means between the
two groups was vomiting. 12 of the malaria moneatéd patients exhibited vomiting,
while none of the influenza patients presented with symptom (Fisher’'s exact
p=0.097).

In the group comparing influenza mono-infected aradaria and influenza co-

infected patients, none of the variables had afsignt difference in means according to
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the test used, except for gender. 3 out of 11@frifluenza mono-infected patients
(27.27%) were male, compared to 10 out of 13 (A)9@f the co-infected subjects
(p=0.038).

Finally, in the analysis examining the differenbe$ween co-infected patients
and those mono-infected with malaria, gender, bairaple to drink or breastfeed,
cough, and days of diarrhea differed significabiyween the two groups. There was a
greater proportion of males in the co-infected greul0 out of 13 (76.92%), compard to
20 out of 45 (44.44%) for the malaria mono-infeagedup (p=0.059). There were twice
as many co-infected patients unable to drink castfeed compared to malaria mono-
infected patients, although these numbers aresmagll; 2 out of 13 (15.38%) of co-
infected patients had difficulty drinking or brefasiding compared to a single malaria
mono-infected patient out of 45 (2.22%) (p=0.123)e proportion of patients presenting
with cough was higher among co-infected patieni) %0 of 13 (76.92%) having this
symptom compared to 18 of 45 (40%) among malariaagxiofected patients (p=0.027).
Lastly, although diarrhea presentation did notediffignificantly between the two groups,
days of diarrhea did; among co-infected patietis;g was one patient who had diarrhea
for 3 days and one which was afflicted with it fodays, while among malaria mon-
infected patients 2 had diarrhea for a single dayea8 had it for two days (p=0.095).

In all of the comparisons between the various gsodinfluenza versus non
influenza, influenza mono-infected versus malarenoiinfected, influenza and malaria
co-infected versus influenza mono-infected, andanimono-infected versus influenza

and malaria co-infected, none of the patients ptesewith sore throat, which is an
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important condition of the CDC influenza-like ils& (ILI) case definition. This symptom

therefore did not have a point estimate for theussd.

Table 9 - Bivariable Analysis (Categorical Variables) — Malaria mono-Infected
vs. Influenza mono-Infected

Variable Malaria mono- Influenza mono- Fisher's Exact Test
Infected (n=45) Infected (n=11)
Gender Male 20 (44.44) 3 (27.27) p=0.496
Rapid Strep Test - | 40 (93.02) 11 (100) p=1.00
Negative
Unable to 1(2.22) 0 (0) p=1.00
Drink/breastfeed
Cough 18 (40) 7 (63.64) p=0.190
Difficulty breathing 1(2.22) 0 (0) p=1.00
Headache 1(2.22) 0 (0) p=1.00
Convulsions 1(2.22) 0 (0) p=1.00
Diarrhea 8 (17.78) 0 (0) p=0.333
Vomiting 12 (26.67) 0 (0) p=0.097*
Nasal 1(2.22) 0 (0) p=1.00
Congestion/Runny
Nose
Wasting 1(2.22) 0 (0) p=1.00
Mouth ulcers 1(2.22) 0 (0) p=1.00
Red eyes 1(2.22) 0 (0) p=1.00
Ear discharge 1(2.22) 0 (0) p=1.00
Admitted 13 (28.89) 2 (18.18) p=0.708
Sore throat 0 (0) 0 (0) N/A
Hospitalized 13 (28.89) 2 (18.18) p=0.708

34




Table 10 - Bivariable Analysis (Categorical Variables) — Influenza mono-

Infected vs. Malaria and Influenza co-Infected

Variable Influenza mono- | Malaria and Fisher's Exact Test

Infected Influenza co-

(n=11) Infected

(n=13)

Gender — Male 3 (27.27) 10 (76.92) p=0.038*
Rapid Strep Test— | 11 (100) 13 (100) N/A
Negative
Unable to 0 (0) 2 (15.38) p=0.482
drink/breastfeed
Cough 7 (63.64) 10 (76.92) p=0.659
Difficulty breathing | 0 (0) 0 (0) N/A
Diarrhea 0 (0) 2 (15.38) p=0.482
Sore throat 0 (0) 0 (0) N/A
Vomiting 0 (0) 1 (7.69) p=1.00
Nasal 0 (0) 1(7.69) p=1.00
congestion/runny
nose
Admitted to hospital | 2 (18.18) 3 (23.08) p=1.00

Table 11 - Bivariable Analysis (Categorical Variables) - Malaria and Influenza
co-Infected vs. Malaria mono-Infected

Variable Malaria and Malaria mono- Fisher’'s Exact Test
Influenza co- Infected
Infected (n=45)
(n=13)
Gender — Male 10 (76.92) 20 (44.44) p=0.059*
Rapid Strep Test — | 13 (100) 40 (93.02) p=1.00
Negative
Unable to 2 (15.38) 1(2.22) p=0.123*
drink/breastfeed
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Cough 10 (76.92) 18 (40) p=0.027*
Difficulty breathing | 0 (0) 1(2.22) p=1.00
Headache 0 (0) 1(2.22) p=1.00
Convulsions 0 (0) 1(2.22) p=1.00
Diarrhea 2 (15.38) 8 (17.78) p=1.00
Days of diarrhea—1| 0 (0) 2 (40)

2 0 (0) 3 (60)

3 1 (50) 0 (0)

7 1 (50) 0 (0) p=0.095*
Blood in 1(25) 1(8.33) p=0.450
stool/diarrhea

Sore throat 0 (0) 0 (0) N/A
Vomiting 1 (7.69) 12 (26.67) p=0.259
Nasal 1(7.69) 1(2.22) p=0.401
congestion/runny

nose

Wasting 0 (0) 1(2.22) p=1.00
Mouth ulcers 0 (0) 1(2.22) p=1.00
Red eyes 0 (0) 1(2.22) p=1.00
Ear discharge 0 (0) 1(2.22) p=1.00
Admitted to hospital | 3 (23.08) 13 (28.89) p=1.00

4.4 Logistic Regression and ROC Curve Analysis

Odds ratios from the generalized linear models éxiag the association between flu

and various demographic and clinical charactegstie shown in Table 12. Hemoglobin
level and age in years were divided into deciled umartiles, respectively, for the sake of
the analysis. Those patients having a hemoglobigl Ebove 12.7 grams per deciliter had
a three-fold greater likelihood of influenza infiect than those with a level below this
threshold (OR=3.39, p=0.009). Patients presentitig @ough were over twice as likely

to have flu as those without cough (OR=2.31, p=D)0Bhere was an 83.4% decreased

risk for flu infection among patients who had beemiting (OR = 0.166, p=0.085). The
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measures of association for the remaining chaliatiter — admission to hospital, having
been admitted previously, and having a positiveanialsmear — did not reach a

significance level below the designated threshold. b5.

Table 12: Odds Ratios from Logistic Regression Analysis for Selected Demographic
and Clinical Characteristics

Variable Odds Ratio (95% CI) P value
Hemoglobin level (divided 3.39 (1.35-8.49) 0.009*
into deciles<12.7 and
>12.7 g/dL)
Age (divided into quartiles: 1.64 (1.05-2.55) 0.028*
>2 and <4>4 and <7, and
>7)
Cough 2.31 (0.90-5.97) 0.083*
Vomiting 0.166 (0.02-1.28) 0.085*
Admission to Hospital 0.871 (0.30-2.54) 0.800
Admitted Previously 1.62 (0.66-3.96) 0.294
Malaria Smear Results 1.89 (0.78-4.58) 0.158

Outcomes of the evaluation of logistic regressiadels using various symptoms
and the corresponding ROC curves and C-statigtea(@ander the curve or AUC) are

shown in Table 13 and can be seen visually in &g& through 8. The regression models
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were created by first evaluating the bivariablelygsia tables for potential predictors and
sequelae related to flu which were likely to indécan infection. Those variables not
having a sufficient number of observations or nmggthe cutoff for the threshold of
significance were removed. A logistic regressiors Ween run using the remaining
variables, followed by creation of a ROC curvedach model. Different combinations
of clinical symptoms were used in multiple moddlse model using patient age,
hemoglobin level, temperature, cough, and vomitiad the highest C-statistic/AUC of
0.7508. Interestingly, when age was removed framrttodel, the same C-statistic was
seen, signifying that age is in fact not as impdrees the other variables in predicting
whether or not the patient has flu. Additionallye tstandard error for age was quite
small, at 0.081 while the corresponding p valuthexmodel was high (p=0.424),
signifying that age is not as useful a predictoth&sother variables of the model. Models
using cough, vomiting, and nasal congestion or yurose alone were essentially useless.
The model with both cough and vomiting fared slighietter, with an AUC of 0.6550.
One additional evaluation that was conducted fiar $tudy was a categorization
of the cases of febrile illness according to that€es for Disease Control ILI case
definition, and comparison of these to confirmesesaof flu in the sample population. In
order for a case of ILI to be considered as su@hpatient in question must have a fever
above 37.8° Celsius and a cough or sore thro#tieimbsence of a known cause other
than influenza. It was found that of 226 sample wiinical data available, 71 met the
case definition for ILI, of which 14 were confirmed having influenza via the rapid

diagnostic test used. 155 of the patients wereidered to have a non-ILI condition; of
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these, 10 were confirmed as having influenza indacPlease see Appendix B for a

diagram depicting these results.

Table 13: Comparison of Predictive Models and Corresponding C-Statistics

Variables Used in Model Standard Error P-value &lidic (i.e.
Area Under ROC
Curve AUC)

Nasal Congestion/Runny | 1.07 0.518 0.5192

Nose

Vomiting 1.05 0.085 0.5832

Cough 0.483 0.083 0.5982

Cough 0.490 0.142 0.6550

Vomiting 1.05 0.113

Temperature 0.519 0.102 0.6890

Cough 0.495 0.122

Vomiting 1.06 0.080

Age 0.081 0.424 0.7508

Hemoglobin 0.542 0.101

Temperature 0.535 0.120

Cough 0.535 0.073

Vomiting 1.08 0.101

Hemoglobin 0.526 0.059 0.7508

Temperature 0.533 0.107

Cough 0.527 0.087

Vomiting 1.07 0.078
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Figure 2: ROC Curve for Model Using Cough
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Figure 3: ROC Curve for Model Using Vomiting
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Figure 4: ROC Curve for Model Using Cough and Vomiting
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Figure 5: ROC Curve for Model Using Nasal Congestion/Runny Nose
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Figure 6: ROC Curve for Temperature, Cough, and Vomiting
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Figure 7: ROC Curve for Age, Hemoglobin, Temperature, Cough, and
Vomiting
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Figure 8: ROC Curve for Hemoglobin, Temperature, Cough, and Vomiting
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5. Discussion

Our study sought to determine the burden of infazein febrile pediatric patients
presenting to Webuye District Hospital from Novemb£2011 through midway through
June of 2012. The prevalence of influenza in thim@e, from those with clinical data
and viral transport media available, was 16.8%s&%ples tested positive for influenza
A virus, while 21 were positive for flu B.

Individuals testing positive for flu had higher hegiobin levels, were older, and
spent more days in the hospital than those whedestgative for flu. This was
significant according to the Kruskal-Wallis testptigh as mentioned earlier, the
difference in hemoglobin levels was not clinicalgnificant. However, the difference in
age and time spent in the hospital appears to pertiant from a clinical standpoint.
According to the Fisher’s exact test, flu positpagients in our sample population were
also less likely to present with vomiting and mbkely to have cough.

Hemoglobin levels for flu negative individuals aaged 11.88 g/dL, while those
for flu positive patients had a mean of 12.53 g/@lhis is important to note, considering
that over half (54.2%) of flu positive patientsaltsgad positive malaria blood smear
results. Were it not for this coinfection rate wittalaria, it would be reasonable to
conclude that the lower hemoglobin level in therfegative group was due to rupture of
erythrocytes by the action of malaria parasitess &gical in malaria biology. However,
there are two main reasons why this is perhapsutigtresponsible for the difference in
hemoglobin level. First, the blood level of hemdmiois not drastically reduced, though

the difference between the two groups is signifieacording to the test used; if the
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average level in flu negative individuals had bbkali of that of flu positives for instance,
then the previous explanation would be more conngqicSecond, although the mean
hemoglobin level was higher among flu positive gmif$, malaria coinfection among this
group was also significant; if hemolysis was intfaccurring to as high a degree as
would be needed to explain an altered hemogloliel l¢hen one would expect that the
levels would be much lower in both groups. Finatlyronic infection can cause anemia
in addition to hemolysis. The coinfection of thgsdients with both malaria and
influenza may have been at a more chronic phaading to reduced hemoglobin levels.
The difference in hemoglobin between flu positinel aegative patients is thus clinically
insignificant.

Mean age among flu positive patients was 5.64 yedrge that among flu
negative patients was 4.49 years. It is importamiote that despite the difference being
statistically significant based on the analysidysiee actual difference in age between
the two groups is relatively small. Children Idsart five years of age tend to be more
susceptible to infection from influenza due to threduced immunity, and subsequently
have higher rates of hospitalization and more 8ARI, and laboratory confirmed flu
than older children.

Days spent in the hospital among those patientswére admitted averaged 3.15
days among flu negative patients and 5 days anlamgpsitive patients. This is
corroborated by evidence from the literature, wtgaggests that especially in cases of
malaria and influenza coinfection, the course lokss tends to be more severe and

hospital stays are thus much longer than whenrgatleave either infection alone.
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Considering the relatively high rate of coinfectiwith the two conditions among patients
in our study, this finding seems reasonable. P&tiEsting positive for influenza had a
flu infection in addition to a possible malariagnfion, whereas flu negatives were likely
to have malaria alone.

The rate of coinfection for malaria and influenmacamg patients in the study was
moderately high; a little over half of the flu pthge patients had a confirmed malaria
positive smear by brightfield microscopy readinghd thick and thin blood smears. It is
interesting to note that all of the flu positiveipats were formally diagnosed as having
malaria by the physician despite the reality ofgheation from the malaria smear
readings. This speaks volumes about the probleowverdiagnosis of malaria in this
region and the need for confirmation of suspectests of malaria by blood smear and
microscopy reading by a trained technician.

With regard to seasonality of flu infections, onabytical capacity was limited by
the lack of a complete year of data. It was nosjibs to discern exactly when peaks of
infection for the year occurred due to the avadaltdta spanning a period of seven
months. The greatest proportion of flu positiveialals presenting to the hospital in
our study did so during the earlier part of theryg@am January through April, with the
highest number of infections occurring during thenth of February. In Kenya,
December through February is the hot season, iftterthrains occur during March, and
the country experiences heavy rains from April tiygto May (35). The highest frequency
of influenza infection in our study would therefdre found during the end of the hot

season, with smaller peaks entering into the rpémjods. Flu viruses in the tropics tend
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to circulate throughout the year, with one or tveals occurring during the rainy seasons
(36); while the data from our study show a deviafiom this trend, it should again be
noted that this may be due to not having an egéeg’s worth of information on the flu
status of patients in our study.

Examination of the logistic regression analysis sesdilting odds ratios for the
variables evaluated are as follows. Subjects haaihgmoglobin level above 12.7 grams
per deciliter appeared to actually be at greaséraf flu infection according to the data.
This observation may be due to the differentiabetween cases of influenza and
malaria; since it is expected that patients a#lictvith the latter would have lower levels
of hemoglobin due to rupture of erythrocytes froangsitemia, it is reasonable that those
patients infected with flu would have relativelygher levels. The regression supports the
results of analysis of the descriptive statisticesigards to age and influenza infection, as
older patients were 1.59 times as likely to bedtdéd with flu as younger ones. As noted
previously, this is a somewhat unusual findinggegithat it is typically the younger
patients who have greater rates of influenza irdacs well as a more severe course of
the illness. Presentation with cough made subjacte than twice as likely to test
positive for flu, a finding that is expected; cougtiypically used in case definitions for
flu and influenza-like illness (ILI). Those subjeatho had a history of vomiting prior to
their hospital visit were at a somewhat lower n$kaving flu; again, this is to be
expected as the flu is a respiratory infection anduch would have little to no impact on

the gastrointestinal tract. While it is occasiopétiund that very young children will
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simultaneously present with flu and GI symptomg tieas not a frequent occurrence in

the present study.

5.1 Multivariable Regression

Analysis of the multivariable logistic regressiooaels via creation of ROC curves and
calculation of AUC allows an objective evaluatidrtlte ability of each model to predict
the presence of influenza. From the AUCs of the elmdt can be seen that using nasal
congestion or runny nose, vomiting alone, or coalghe is a poor method of predicting
whether or not a given febrile patient has theTlwe model which uses both cough and
vomiting fares slightly better, but is still a figinveak predictor for flu.

By far, the best model of those tested is thatrimo@ating hemoglobin level,
temperature, cough, and vomiting. This is senstifee each of these factors could
potentially either be affected by an influenza ati@n or serve as a litmus test for
probable infection. Hemoglobin levels could berakeby flu infection, though
intuitively one would imagine that they would bepdessed instead of elevated among flu
positive patients as was found in the data from $hidy. Non-productive cough is
typically associated with having a flu infectior6§3while vomiting would be negatively
associated with flu; patients presenting with vamgitvould therefore be less likely to
have a flu infection than those not exhibiting teainptom.

The model having the most potential utility accagito the ROC curve analysis

is therefore the one incorporating the aforemesetibsigns and symptoms. However, it is
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worth noting that the data shows a different retahip than would be expected for the
variables comprising this model. It is uncleartas point why elevated hemoglobin

levels would be found among flu positive patiedtishough the difference between the
flu positive and negative groups is significantsiagain worth noting that the threshold
for significance that was chosen in this study\alpe of less than 0.15, was done so
because of the small sample size; in a larger sthdyresults and analysis would perhaps
have shown a reverse relationship for the variaiblegsiestion, which would mirror more
of what is suggested by the literature.

It is also worth noting that in the actual case @itient’s presentation to a
hospital, hemoglobin levels may not be as easilgsumble as temperature and whether
the patient exhibits vomiting or cough. While henadgn is important in predicting flu
status according to the analysis, in practice thglidikely be limitations in its
utilization. The utility of using the measures e tmodel as an aide in discerning flu
status is therefore limited to triaging of patieatsl will serve as a complement to
laboratory tests.

The similarity in symptoms of those afflicted wittalaria and influenza makes
differentiation based on clinical presentation al@specially challenging. Typical flu
symptoms include fever, myalgia, chills, malaisgigue, weakness, headache, cough,
and in some cases nausea and vomiting. Common sgmpif uncomplicated malaria
infection similarly include fever, headache, faggabdominal discomfort, muscle and

joint aches, chills, perspiration, loss of appetremiting, and worsening malaise. The
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degree of overlap between these symptoms of thellivesses necessitates the use of
laboratory tests to conclusively distinguish betwdeem.

Since ROC curves are used in testing the effautis® of a binary classification
system or test, their epidemiological importancegies to determining the utility of the
instrument or technique in differentiating betweasses and non-cases of a particular
illness or condition. In epidemiological studidssivital to know that the instrument in
guestion is useful because all subsequent analjiidse based off of the results of this
method. Surveillance of diseases and conditiorsddpends on using a particular
diagnostic method to determine instances of disemsBOC analysis can be efficacious
in this regard as well. In any situation where domof cases of disease is necessary,
ROC analysis has a degree of utility.

From a clinical standpoint, ROC analysis can belusaletermine the
effectiveness of a diagnostic test used to ideatiparticular illness or condition.
However, it is important to note that ROC curves caly determine effectiveness of a
binary classification system or diagnostic tesieldasn what is put into the model.
Interpretation of the results of a ROC analysisusththerefore be carried out with
caution, as the reality of the situation from aicial standpoint may be very different
from what the model suggests. In the case of tasgmt study, it was clear that ROC
analysis allowed for a novel way to approach trablam of overdiagnosis of malaria,
but realistically, the symptoms identified in theabysis were not drastically different
between flu and non-flu cases, and so the redutisld be taken with a grain of salt and

used with caution in a clinical setting. A clininiaould use the results of the ROC
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analysis as a potential triaging method to categdebrile pediatric patients into groups
needing further lab tests for flu and those uniikel have flu based on the symptoms.

Those patients presenting with cough, high feverpieratures, relatively high
hemoglobin levels, and not exhibiting vomiting wa e further tested for flu via
laboratory methods and rapid diagnostic tests. Hewagiven the proximity in levels of
the various symptoms in the model between flu pasdnd negative groups, it might be
more pragmatic to test all febrile patients for, #igpecially if cost is not an issue. This
way, no cases of flu will be missed and the tengdoicover-diagnosis and
overtreatment of malaria can be minimized.

In a hypothetical situation where a patient ispgfsitive and malaria blood smear
negative, it would be permissible to withhold aralarials and treat for flu instead. This
is because the negative malaria smear clearly nl#sg the case as free from malaria,
and therefore makes it unnecessary to treat mes. $n the case of a patient who is flu
negative and malaria smear negative but who stdldafever or febrile syndrome, two
options are available, depending on the panelsté ten hand. The patient could be tested
for additional causative agents of fever if suchlgses are available at the healthcare
setting; if these tests are negative or if theyusr@vailable, it would be best to treat the
patient with antipyretic and analgesic medicatiahgch are neither antibiotics nor
antimalarials. Ideally, further tests would be #afale to pinpoint the cause or causes of
fever, but since most fevers subside over the eonfrseveral days, it would be better to

give the patient a general treatment to reduceyhgtoms of febrile illness if the cause
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is unknown rather than to risk contributing to tyele of antibiotic and antimalarial
resistance.

In the odd chance that a flu test result is notlabke for a malaria negative
patient, it would be best to first conduct a pasfaksts for viruses and bacteria that have
the potential to cause fever, conduct a flu tepb#sible, and then treat accordingly. If
only malaria smear results are available, it wdaddgrudent to not give antimalarials to
the patient at any cost in the case of a smeattimegasult. Ideally, tests for both flu and
other causative agents of fever would be availadeyould the necessary tools for

malaria blood smear microscopy, so that the caresatient could be identified.

5.2 Limitations

There were a number of limitations in our studye Toremost of these was that the
Veritor® flu assay system only had the capabilitgletect whether a sample contained
influenza A or B virions, but was unable to subtyg@ch strain of the two viruses was
present. It would have been quite informative t@ble to discern exactly which
subtypes of influenza A and B were present, andivhredominated, among patients in
our sample population.

Our study also had a relatively small sample sizthy only 226 patients for
which clinical data were available. Among thesaquds, only a small portion reported
specific symptoms that were queried by the studgaas part of the questionnaire used
in the study. The conclusions that have been drawst therefore be regarded with this

in mind.
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Finally, the existence of the group of missing sk®n our study potentially
biases the data and subsequent analyses, sisgeoissible that the missing samples were
from patients with more severe (or conversely, arjcdases of flu. Our results and

analyses should therefore be taken into consideratith this caveat in mind.

5.3 Conclusion and Future Directions

The data from our study suggest that it may beiplest distinguish influenza and
malaria to a certain degree based on clinical sgmpt According to the evaluation of
the predictive models, this would best be achidwetbcusing on the symptoms of
cough, vomiting, and hemoglobin level, as well ashepatient’s fever temperature.
White blood cell count could also serve as a pabyntuseful measure and predictive
symptom. In practice however, it is highly unlikeéhat differentiation of the two febrile
illnesses is possible based on clinical symptorosealElevated temperatures stemming
from a systemic infection can vary widely betweatignts due to the degree to which
their immune systems retaliate against the cawsatjpent of disease. One would expect
hemoglobin levels to be depressed during an irdectt is, however, reasonable to
consider the absence of vomiting as a potential gidglu infection as opposed to
malaria, since influenza is a respiratory infectibat would not affect the Gl tract. The
presence of cough in a febrile patient should petantial marker for influenza, as this
symptom is typically absent in those suffering froralaria.

The most definite way of ascertaining the presemadsence of flu is to use a

laboratory test which looks for the presence adihv@intigens in a nasopharyngeal sample.
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Rapid diagnostic tests such as the ones usediosttidy are a relatively inexpensive
method (compared to PCR) to determine whetherengpatient’s infection is caused by
influenza. Conversely, ensuring that thick and 8nmears are created using blood
samples from each patient, and having a trainedosgopist read each smear for the
presence of parasites is critical in ruling out pnesence of malaria. A combined effort in
which the aforementioned clinical symptoms are iakéo consideration, along with
blood smear readings and rapid influenza test cttadae, would be ideal to differentiate
between the two types of illness.

The present study differed from other investigatiogsearching pediatric
influenza in that we recruited children with fexdone, as opposed to restricting our
sample population to those patients having botkrfend respiratory symptoms. These
additional symptoms include fast breathing, chesgestion, nasal congestion, and
difficulty breathing. Our results suggest thatr@éamount of flu infections may be
overlooked if there is a focus on these types offgpms; the results and subsequent
analyses also reiterate the point that it is diffitco distinguish between malaria and
influenza based on symptoms alone.

Our study results are potentially very generaligaglven that they support the
notion that diagnosis of influenza and differemtiatof it from malaria based on
symptoms alone is almost impossible. However, @iskeoclinical symptoms of
temperature, cough, vomiting, and hemoglobin I¢¥elvailable) can serve as a triaging
method for patients presenting to health facilitRased on the values of these particular

symptoms, clinicians can determine whether to prdagith follow-up tests such as
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RIDTs, RT-PCR, and cell culture for confirmationinfiuenza or blood smear
microscopy to detect malaria.

Given the amount of influenza seen in the sampjmifadion, it is evident that
seasonal flu is a significant contributor to fediliness in this region. This should be
duly noted by clinicians in the area as they cardito diagnose and treat patients
presenting with fever. The degree to which ovegudasis of malaria and subsequent
treatment by antimalarials occurs can be curtdilethcorporating the use of rapid
diagnostic influenza tests and malaria smear rgadiefore a formal diagnosis of
malaria is made and drugs are prescribed. It \atal to educate the public at large of
the likelihood of a febrile child being afflicteditty something other than malaria, as well
as to advise against the immediate purchase andf @asgimalarials before confirmation
of the condition has been made by trained laboyatocroscopists. Especially
considering the fact that the prevalence of malar@n the decline in western Kenya and
throughout sub-Saharan Africa, other etiologicalses of fever should be considered by
clinicians when attempting to diagnose and trelatile patients.

Future directions include examining the burdemdilienza throughout other
areas of the region and country by using rapidribatic tests as was done in this study.
There is currently an ongoing investigation at Nleaching and Referral Hospital in the
town of Eldoret that is undertaking just such adeavor. Malaria is not nearly as
prominent an infection at the higher elevation&loloret and other areas of the country,
and so the focus on the contribution of flu to périk febrile illness is justified. Data

from this and other such studies could be use@tsuade the Ministry of Health of
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Kenya to consider establishing a country-wide vaa&iion program against seasonal
influenza. In order for this to occur however, bwid be necessary to first use an
established method of differentiating between uaigains and subtypes of flu.
Additionally, more research could be conducteddttdr deduce the rates of
coinfection with malaria and influenza throughoiitestent regions of Kenya. It was
found in this study that coinfection of the twoeahses was relatively high in this
population, with slightly over half of all flu pdsie patients also having a positive
malaria blood smear reading. It would be informatie learn about the degree to which
this occurs in other areas of the country, anldefe is any interaction between the
influenza virus and malaria parasites which woellit in a unique syndrome. A great
degree of further study is therefore warranteartprove understanding of the types of

febrile illness found in this region and in the oty overall.
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Appendix A: Questionnaire Administered to Each

Subject

Webuye Pediatric Fever Study — FEBRILE CHILD

1.Date (dd/mmlyy) 2.Study ID 3.0PD ID
4.Name of Child (given, middle, family) 5.Gender 6. In School?
7.Date of Birth (dd/mm/yy) 8.Age (months) 14a. Child DSS

permanent ID

9. Names of Parent/guardian (given, middle, family)

10. Contact phone

11. Location 12. Sublocation 13. Village 14b. Parent DSS
permanent ID
Vital signs
15.Weight (kg) 16. Height (cm) 17. MUAC (cm)

18. Temp (°C)

19. Resp. rate (breaths

per min)

20. Pulse(beats per min)

21. Results of rapid strep test[ ] Positive [_] Negative

Patient history

23. Main complaint today
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24. What other symptoms have you noticed during the current illness?

[_] Unable to drink /breastfeed [ ] Lethargic [ ] Nasal congestion/ runny nose
[ ] Cough [] Sore throat [ ] Frequent urination
[] Difficulty breathing [] Joint pain or swelling [] Pain while urinating
[ ]Headache [ ] Chest pain [ ] Urine smells bad
[ ] Neck stiffness [ ]Rash [ ] Red eyes/ eye discharge
[] Convulsions [] Involuntary [] Ear pain/ discharge
movements
[ ] Diarrhea [] Vomiting [] Other (specify)
Days of diarrhea_ Vomiting everything?
Blood? /7Y /[N LY [N
25 a. What day did the illness start? (Date: dd/mm/yy) 26. Missed school? [ ] Y []
/ / N

b. How many days has your child had a fever?

27. Are other members of the family ill with similar symptoms?[ ] Y[ _]N Who?

28a. Since symptoms began, have you sought treatment for your child? [ JY[]N

28b. Where? [] Pharmacy/chemist [ ] Private Clinic
[ ] Dispensary [ ] Herbalist
[ ] Health Centre [] Other (specify)
[ ] Hospital

29. What did you do next?

30a. Did you give your child any medicine before coming to the hospital? [ Y[ | N

DRUG (Observe package if possible) DOSE

30b
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30c

30d

30e

31. Where did you get it?

[ ]Had at home [ ] Hospital
[ ] Duka la dawa [] Private Clinic
[] Pharmacy/chemist [ ] Herbalist
[ ] Dispensary [] Other (specify)

[ ] Health Centre

32a. Were you referred to the hospital? [ JY[]N

32b. From where?

33. Does your child have any other medical conditions, especially chronic conditions, besides the

L]
L]

[
0

illness today?

Asthma

Sickle
cell

TB

diabetes

[ ]lung diseases (specify)

[] heart problems (specify)

[ ] kidney disease

[] other (specify)

34a. Does your child take any medication for these conditions? [ JY[ [N

34b. Specify
35. Has your child been immunized? [ JY [N 36. Immunization card observed? [ ]
YN
[]BCG [] Polio 0 [JPCV-10 (1)
[ ]Penta 1 [ ]Polio 1 [ ]PCV-10 (2)
[ ]Penta 2 [] Poiio 2 [ ]PCV-10 (3)
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[ ]Penta 3 [ ] Polio 3 Other (specify)

[ ]Measles [ |Hep A 37. Immunizations complete? [_]Y
LIN

38a. Does your house have a bednet?[ Y[ |N
38b. Did your child sleep under a bednet last night? [ JY [N
38c. Does your child sleep under the bednet every night? [ ]Y[]N

38d. How old is the bednet (months?) months

38e. Was the net pre-treated with insecticide when you got it? [ ]JY [N
38f. Have you ever soaked or dipped the net in insecticide? [ ] Y[_]N

38g. When was the last time you dipped it? months ago

39a. Has the child been admitted to the hospital before? [ ]Y [ ]N

39b.For what problem?

Physical exam

40. Spleen enlarged [ JY[]N 41. Liver enlarged ] Y []
N
42. Palmor pallor [ JY[]N 43. Oedema of feet[ ] Y[ ]
N
44, Wasting [ JY[IN 45a. Rash 45b. Describe — distribution and character
LIYLIN
46. Throat: a) Tonsillar exudates [ ] Y b) mouth ulcers [ Y[ ]N
[IN
47. Eyes: a) conjunctival pallor b) pus draining ¢) clouding of cornea d) red eyes
LIYLIN LIYLIN LIYLIN LIYLIN
48. Ears a) Ear discharge JY[]N b) signs of infection on otoscope exam [ ] Y[ |N

if yes, describe:
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49. Neck: a) adenopathy [ JY[JN  b)stiffneck_ JY[]N

50. Heart murmur: [ JY [N

51. Lungs a) crepitations[ Y[ N b) chestindrawing [ ]Y[]N c)stridor [ JY[JN d)
Wheezing [ JY[]N

52. Dehydrated a) Sunken eyes[ JY[ N b) Skin pinch slow orv.slow [ JY[]N

53. Diagnosis 1 2

54.Drugs prescribed (OPD ONLY)

DRUGS DOSE

54a

54b

54c¢

54d

54e

55. Laboratory investigations 1 2
ordered

56. Admitted [ JY[ N

Study checklist

57. Blood drawn[_JY[]N

60. Throat culture results (if SBA plate
done):

59. NP swab taken [ JY [N [ ] Positive [_] Negative

6l1a. Malaria smear done [ Y[ |N

64




61b.

Results of malaria smear [_] Positive [_] Negative

62. Hemoglobin
(g/dl)

NOTE: If Hb<7, call clinician. For Hb 7-10, send back to
CO for management

OTHER NOTES:

Follow-up Inpatient data

63. Days in hospital

64. Died? [ ] Y[ IN[_]unknown [ ]
absconded

65. Discharge diagnosis

66. Drugs administered in hospital (IN PATIENT ONLY)

DRUGS

DOSE

66a

66b

66¢C

66d

66e
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Appendix B : ILI Case Definitions Among the Sample

Population

Other: 155

Flu confirmed: 14

Flu confirmed
non-ILI: 10
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Appendix C: Results from Rapid Influenza Tests

STUDY ID  FLU TEST

Date of test # OUTCOME
6/13/2012 1001 A- B-
6/13/2012 1002 A- B-
6/13/2012 1003 A- B-
6/13/2012 1004 A- B-
6/15/2012 1005 A- B-
6/15/2012 1006 A- B-
6/15/2012 1007 A- B-
6/15/2012 1008 A- B-
6/15/2012 1009 A+ B-
6/15/2012 1010 A- B-
6/15/2012 1011 A- B-
6/15/2012 1012 A- B-
6/15/2012 1013 A- B-
6/15/2012 1014 A- B-
6/15/2012 1015 A- B-
6/15/2012 1016 A- B-
6/15/2012 1017 A- B-
6/15/2012 1018 A- B-
6/15/2012 1019 A+ B-
6/15/2012 1020 A+ B-
6/15/2012 1021 A- B-
6/15/2012 1022 A- B-
6/15/2012 1023 A- B-
6/15/2012 1024 A- B-
6/15/2012 1025 A- B-
6/15/2012 1026 A- B-
6/15/2012 1027 A- B-
6/15/2012 1028 A- B-
6/15/2012 1029 A+ B-
6/15/2012 1030 A- B-
6/15/2012 1031 A- B-
6/15/2012 1032 A- B-
6/15/2012 1033 A- B-
6/15/2012 1034 A- B-
6/15/2012 1035 A- B-
6/15/2012 1036 A- B-
6/15/2012 1037 A- B-
6/15/2012 1038 A- B-
6/15/2012 1039 A- B-
6/15/2012 1040 A- B-
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6/19/2012 1041 A+ B-

6/19/2012 1042 A- B-
6/19/2012 1043 A- B-
6/19/2012 1044 A- B-
6/19/2012 1045 A- B-
6/19/2012 1046 A+ B-
6/19/2012 1047 A- B-
6/19/2012 1048 A- B-
6/19/2012 1049 A- B-
6/19/2012 1050 A+ B-
6/19/2012 1051 A- B-
6/19/2012 1052 A- B-
6/19/2012 1053 A- B-
6/19/2012 1054 A- B-
6/19/2012 1055 A+ B-
6/19/2012 1056 A- B-
6/19/2012 1057 A- B-
6/19/2012 1058 A+ B-
6/19/2012 1059 A- B-
6/19/2012 1060 A- B-
6/19/2012 1061 A- B-
6/19/2012 1062 A- B-
6/19/2012 1063 A+ B-
6/19/2012 1064 A- B-
vials empty! 1065 N/A
6/19/2012 1066 A- B-
6/19/2012 1067 A- B-
6/19/2012 1068 A- B-
6/19/2012 1069 A+ B-
6/19/2012 1070 A- B-
6/19/2012 1071 A- B-
6/19/2012 1072 A+ B-
6/20/2012 1073 A+ B-
6/20/2012 1074 A- B-
6/20/2012 1075 A- B-
6/20/2012 1076 A+ B-
6/20/2012 1077 A- B-
6/20/2012 1078 A+ B-
6/20/2012 1079 A- B-
6/20/2012 1080 A+ B-
6/20/2012 1081 A- B-
6/20/2012 1082 A- B-
6/20/2012 1083 A- B-
6/20/2012 1084 A+ B-
6/20/2012 1085 A- B-
no VTM

sample? 1086



6/20/2012
6/20/2012
not in
database?
6/20/2012
6/20/2012
not in
database?
6/20/2012
6/20/2012
no VTM
sample?
no VTM
sample?
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
6/20/2012
not in
database?
6/20/2012
6/20/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012

1087
1088

1089
1090
1091

1092
1093
1094

1095

1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111

1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128

A+ B-
A+ B-

A+ B-

A+ B-
A+ B-

N/A

A+ B-
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6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012
6/21/2012

not in

database?
6/21/2012

not in

database?
6/21/2012
6/21/2012
6/21/2012

no VTM

no VTM

no VTM

no VTM

no VTM
6/21/2012

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

not in

database?

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

no VTM

1129
1130
1131
1132
1133
1134
1135

1136
1137

1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160

1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
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no VTM
not in
database?
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
not in
database?
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
not in
database?
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
no VTM
6/21/2012
6/21/2012

1173

1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193

1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205

1206
1207
1208
1209
1210
1211
1212
1213
1214
1215 A- B-
1216 A- B-
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6/21/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012
6/25/2012

7/6/2012

7/6/2012

7/6/2012

7/6/2012

no VTM??

7/6/2012
7/6/2012
7/6/2012
7/6/2012
7/6/2012
7/6/2012
7/6/2012
7/6/2012
7/6/2012
7/6/2012

1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254

1260
1261
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19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
19-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
19-Jan-13
19-Jan-13
12-Jan-13

1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309

A-B+

A-B+
A-B+

A-B+

A-B+
A-B+
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19-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13

12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13

1312
1313
1314
1315

1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357

A-B+

A-B+

A-B+

A-B+
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12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13
12-Jan-13

1358
1359
1360
1361
1362
1363
1364
1365
1366
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